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XIII. These By-laws may be altered at any meeting of the Trustees, provided that the 
notice of such meeting shall state that an alteration of the By-laws will be acted upon. 


IV. REPORT OF THE DIRECTOR 
To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY: 


Gentlemen : 


[ submit herewith the report of the seventieth session of the Marine Biological 
Laboratory. 

During the past year the Laboratory made significant progress in rehabilitating 
some of its research space and facilities and also funds were obtained for a new 
research building and additional housing. 


1. Crane Building 


The Officers of the Laboratory held several conferences during the winter 
(1957) with representatives of our architectural firm, Coolidge, Shepley, Richardson 
and Abbott, to develop plans for the rehabilitation of the Crane Building under 
the National Science Foundation Grant of $415,000. Planning was completed 
early in the summer; the contracts and subcontracts were let in August. A de- 
tailed schedule of the operation was developed by the general contractor, the 
building was evacuated by the Laboratory immediately after Labor Day and the 
remodeling started. The schedule called for the completion of the job by May 1, 
1958. Present indications are that the work will be completed on time, and that 
the equipment can be moved in for occupancy by the investigators not later than 
June 1. 

Out of this remodeling the Laboratory will have an essentially new building 
with facilities for any type of research in biology and the cognate sciences. The 
rearrangement of the standard facilities within the individual laboratories will 
result in a much more efficient use of available space. 


2. New Research Laboratory 


In 1938 it was recommended by an ad hoc committee set up to formulate policy 
on the future development of the Marine Biological Laboratory that the wooden 
buildings should be replaced by a modern brick laboratory building. At the Annual 
Meeting of the Board of Trustees, August 16, 1957, the Officers of the Laboratory 
were authorized to seek funds to implement this recommendation. Applications 
were made to the Rockefeller Foundation, the National Science Foundation and the 
Public Health Service for the necessary funds. Early in December the Laboratory 
was notified of a grant from the Rockefeller Foundation of $738,500, providing 
one-half the necessary funds. Subsequently, grants were obtained from the Na- 
tional Science Foundation and the Public Health Service which shared equally in 
providing the other half of the cost of the new building and its equipment. Plan- 
ning for the new building is already under way, construction to start in the fall of 
1959 with occupancy planned for the spring of 1961. It will be a three-story and 
basement building, almost entirely devoted to research and research service labora- 


tories 
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the 1938 ad hoc Committee on the Development of the Laboratory also ex- 
pressed its concern with the problems of housing and adequate care of the large 
number of persons attracted to the community by reason of their Laboratory activi- 
ties. It was pointed out that the housing needs have, from the beginning, been 
recognized as one of the primary responsibilities of the Laboratory and that the 
arrangements then existing were not adequate. Since that report, three frame 
houses in the immediate vicinity of the Laboratory have been acquired and con- 
verted to dormitory use. Since World War II there has developed an acute short- 
age of housing for younger married investigators with children. Toward the end 
of the year (1957) the Laboratory made application to the National Science 
Foundation for a grant of $175,000 to erect 25 housekeeping cottages on the 
Laboratory’s Devils Lane Property. Favorable action was taken by the National 
Science Foundation on this grant request. Plans have been developed for these 
cottages which will be erected for 1959 occupancy. 

Also, the Board of Trustees voted to discontinue any further sale of lots from 
the Devils Lane Property so that the Laboratory will retain title to the remaining 
75 acres for future Laboratory use, either housing or scientific. 


#. Grants, Contracts and Contributions 

The total income to the Laboratory from these sources of support amounted to 
$210,000 in 1957. This represents 32% of the total income and consists of the 
following accounts : 


American Cancer Soc.—R-7G—Fundamental Studies in Radiobiology $ 6,600.00 
A.E.C.—1343—Program of Research on the Physiology of Marine 


COE Sens TIS os ond cnet corevenscséccebunes 9,545.00 
N.I.H.—4359—Biological Research on the Morphology, Ecology, 

Physiology, Biochemistry and Biophysics of Marine Organisms .. 40,000.00 
N.L.H.—5143—Training Program in Nerve-Muscle Physiology .... 40,342.00 
National Science Found.—G2142—Funds for Biological Research ... 25,000.00 
National Science Found.—G3608—Optical Equipment ............. 11,500.00 
National Science Found.—G3987—Centrifuge Equipment .......... 10,000.00 
O.N.R.—1497—Studies in Marine Biology .................5..4. 15,000.00 
O.N.R.—09701—Studies on Isolated Nerve Fibers ................ 7,670.00 
O.N.R.—09702—Studies in Ecology ............. cc cceecececees 5,268.00 
cea i el le Sr a El eae ot a 3,481.00 
I a a a Oe pei giens a eA 1,000.00 
EA ne re 2,500.00 
en Semewemameniiens Pre@ete, BSc. . oo... vce ccccnceccentenescsss 1,000.00 
EE EE os i ka wig ep heed Cab aw Keen RA AeeE he RR emE Lm 5,000.00 
ee cc see nneeb es wHin oe keeeehe kun ihba® 1,000.00 
i re 6. 6 5b ccimidinhw pe ebecGawa Ukadaep eee eaaews 20,000.00 
died 4 ie aan s SOE hose SRNR eN mab 1,000.00 
Samth, Kine and French Foundation ...........cccccccssecccece 3,000.00 
eC ovo pacansShdesdenas dhpenk ndbeeeh ce eeee ne 1,000.00 


$209,906.00 
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5. Boats 


Late in the year the Laboratory contracted with the Riverside Boat Company 
of Newcastle, Maine, for two 24-foot boats for trap work and inshore collecting, 
These boats will replace the old Sagitta and Tern, both of which, after years of 
service, outlived their usefulness. The new boats are to be delivered in May 
(1958). 


Respectfully submitted, 
PuiLirp B. ARMSTRONG, 
Director 


MEMORIAL 


BENJAMIN M. DvuGGaArR 
by 


Wm. Randolph Taylor 


Benjamin Minge Duggar, late Emeritus Trustee of this Laboratory, died 10 Sept. 
1956 in New Haven, Conn. Dr. Duggar was born in Gallion, Alabama in 1872. His 
early education in private schools was followed by studies in civil engineering at the 
University of Alabama and the Mississippi Agricultural and Mechanical College, where 
his interest shifted to botany, and he received his B.S. in 1891. He then completed his 
work for the M.S. at Alabama Polytechnic, but, going to Harvard University, qualified 
there for the A.B. and A.M. degrees, transferring to Cornell University where he received 
the doctorate in 1898, completing his formal studies. He subsequently worked in several 
laboratories in Europe, further widening his experience. His government and academic 
appointments were numerous, but four institutions claimed his services as full Professor 
before retirement: first the University of Missouri, then Cornell, and then for much longer 
periods Washington University and the University of Wisconsin. 

His distinguished academic career was marked by a happy combination of physiology 
and pathology, in both of which fields he contributed notably in research and produced 
textbooks of exceptional merit, that in plant pathology remaining useful to this day. He 
contributed his share, also, to one of the most successful American elementary botanical 
text-books ever produced, that prepared by the Wisconsin group and still in use. During 
his period at Wisconsin the Department of Botany strengthened its position as one of the 
most notable in the country. His researches covered a considerable range of endeavor, 
but those on virus diseases, particularly the mosaic disease of tobacco, are most often 
remembered. 

Dr. Duggar does not seem first to have appeared at the Marine Biological Laboratory 
as a student or as an investigator, as is commonly the case. In 1909 he was appointed 
to what was termed the “Research Staff” in botany, while Professor of Physiology at 
Cornell. In 1911 the course in botany was divided, the first three weeks dealing with the 
algae, the second with “The Physiology and Ecology of Marine, Strand and Bog Vege- 
tation” with Lewis Knudsen, also from Cornell, as his associate. Knudsen was replaced 
in 1912 by W. J. Robbins, best known as the Director of the New York Botanical Gar- 
den, but the course was dropped in 1915. “Investigation Staff” replaced the old term 
for the advisory group, and Dr. Duggar served Botany on this board from 1926 to 1941. 
He was elected to the Corporation in 1911 and to the Trustees of the Laboratory in 1928, 
retiring Emeritus in 1944. During all these years he was frequently in residence through 
the summer, and always helpful to those at the Laboratory whose enquiries fell within his 


field of interest. 
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[he discernment shown by Dr. Duggar respecting the affairs of the Marine Biological 
Laboratory was appreciated by other institutions, and he served as Trustee of the 
Bermuda Biological Station 1933-1937, and of the Woods Hole Oceanographic Institute 
from its inception in 1931 until 1938. Honorary degrees were bestowed on him by 
Washington University, the University of Missouri and the University of Wisconsin; 
he was elected to the most distinguished of our learned and professional societies. 

On retirement from Wisconsin Dr. Duggar promptly joined the research staff of the 
Lederle Laboratories of the American Cyanamid Company, and settled down to research 
on the discovery, production and evaluation of antibiotics from various Actinomycete 
bacteria. All reports from the company describe with admiration his quiet industry and 
the keen mind he placed most generously at the disposal of his fellow workers. His most 
spectacular success was in the discovery in 1945 of Aureomycin, a very effective anti- 
biotic, which has gone into extensive commercial production. He continued active in 
research until his final illness. 

Dr. Duggar lost his first wife in 1922; his second wife, several children and grand- 
children survive him. To them we wish to express our appreciation of his many con- 
tributions to science and our sympathy in the loss they have suffered. 

Mr. President, I move that a copy of this memorial be placed in the minutes of this 
meeting, and that a copy be sent to Mrs. Duggar. 


MEMORIAL 


E. S. G. BARRON 





by 


H. B. Steinbach 


E. S. G. Barron, “Achito” to many, died this summer and is buried in the cemetery 
at his beloved Woods Hole. His scientific studies achieved world-wide recognition as 
did the charming personality of the man responsible for them. 

While Barron was truly a scientist of the world, his ties to the Marine Biological 
Laboratory were strong and his affection for the area was great. He was elected a 
member of the Corporation in 1933, a trustee in 1949 and again in 1952. He served as 
instructor in the Physiology Course from 1945 until 1948 when he assumed the headship 
for a five-year period. Under his guidance the course continued its strong development 
and became especially well known on the international scene. He was largely instru- 
mental in obtaining much of the special equipment that is now in use. He conducted the 
special session of the course in honor of his revered teacher, Leonor Michaelis, and edited 
the volume “Modern Trends in Physiology and Biochemistry” which carried the fame 
of the MBL even farther than before. 

For the past several years Barron found it necessary to give up his attendance here 
to carry out a labor of love dear to his heart, spending his summers in teaching and con- 
sulting in South America as his contribution to the advancement of science in those areas, 
especially the country of his birth, Peru. 

While he was perhaps best known for his studies on oxidative mechanisms, Achito’s 
interests and activities were very broad indeed, ranging from a classical work on 
bilirubinemia to the effects of ionizing radiations on crystalline proteins. However he 
was preeminently a biologist and, in his mind, all his studies were fundamentally directed 
at understanding cellular oxidations and their regulation. Shortly before his death, his 
plans for future work were keyed largely to a comprehensive comparative study of cellu- 
lar oxidations with the hope of finding critical keys to physiological regulations. 

Barron was born in Huari, Peru, in 1898. Following two years in France he came 
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to this country in 1927, first as a Rockefeller Fellow and then as instructor in Johns 
Hopkins University. In 1930 he moved to the University of Chicago, his University 
until his death. During World War II, he did scientific work for both the AEC and 
the Medical Division of the Chemical Warfare Service. He was especially well titted 
to carry out the important studies on effects of ionizing radiations and the biological 
actions of nitrogen mustards and related compounds. 

Achito was a remarkable teacher even though his position at Chicago did not involve 
conducting formal classes. He had a keen and incisive sense of humor and a fine critical 
attitude towards science. Many have benefitted from his wisdom and have been delighted 
with his conversation. He had a strong sense of the necessity for training minds in 
intellectual pursuits. This led him to his fruitful efforts in the Woods Hole course and 
in the training programs in South America. When he purchased his new home in Chi- 
cago some years ago, his greatest delight was that he had a large pleasant room with a 
big blackboard. Here he could invite his students and colleagues for seminars and dis- 
cussions and here many of the ideas for experiments by himself and collaborators were 














born. 
Achito, his wife Cora, and his son Richard constituted a family it was a pleasure and 
privilege to know. And while we are expressing our gratitude to Achito for his many 






contributions to us, we must include his wife and son for providing the setting for such 







a fruitful career. 

As an experimentalist, as a teacher, as one who travelled widely and spread the tradi- 
tions of science and inspired the young, Barron was at the height of his activity when 
he became ill and died. At such a time it is not trite to say that a man’s death is untimely. 








MEMORIAL 


RoBerRT CHAMBERS 






by 


B. W. Zweifach and G. H. 






A. Clowes 









With the death of Robert Chambers at the age of 75 on July 22nd, the Marine Bio- 
logical Laboratory lost one of the most illustrious members of its old guard—marking 
as it were the passing of an era in which microscopy as a fine art was utilized to its fullest 
extent for the study of cellular behavior and protoplasmic structure. Chambers’ associa- 
tions here in Woods Hole were long and deep-rooted. He first came to the M. B. L. 
in the summer of 1911 as a graduate investigator and in 1912 was on the teaching staff 
in Zoology and Embryology—a course in those days associated with such names as 
Calkins, Lillie, Conklin, Morgan and Wilson. By 1914 it became apparent that Chambers’ 
interests were not along the lines of conventional zoology and he was thereafter listed in 
the annual reports of the M. B. L. as an investigator in Physiology—an indication that 
the science of cellular physiology had come of age. 

By training Robert Chambers was a histologist and embryologist. He was born and 
raised in Turkey, where his parents resided as missionaries. The rough, harsh life dur- 
ing his formative years left an indelible imprint on his makeup and was to a considerable 
extent responsible for his great compassion for the underdog and his willingness to 
champion humanitarian causes. It was at Roberts College that his interest in nature was 
crystallized and his future course indicated. Later, under the aegis of Hertwig and Gold- 
schmidt in Munich, where he received his Ph.D in 1908, Chambers was indoctrinated 
into the field of histophysiology and developed a keen interest in basic embryology. He 
returned to Canada, the early home of the Chambers family, and eventually joined Cornell 
Medical College in 1915. These were his most fruitful years—his outstanding contribu- 
tions in large part derived from his ingenious researches at Woods Hole. His laboratory 
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here in Room 328, in association with the Eli Lilly group, was a beehive of activity where 
Chambers’ dynamic personality infused all who worked with him. Few could keep pace 
with his amazing physical stamina and drive. At an early age Robert Chambers became 
virtually a legendary figure, not only because of his scientific stature but because of the 
anecdotes which grew up around his prodigious unconcern for practical matters. There 
are many here who knew him during these inspiring years as a most attractive and con- 
genial personality. Woods Hole was the center of the social and scientific life of Robert 
and Bertha Chambers. They practically raised their four sons at Bobtuckett Cottage and 
many of the delightful and entertaining experiences of the Chambers family have attained 
the stature of local folklore. Robert might be found at almost any time, day or night, 
in his M. B. L. laboratory and the Chambers family regarded the remainder of the year 
as an unavoidable intrusion into the Woods Hole continuum. 

In 1928 he transferred from the Anatomy Department at Cornell to the Department 
of Biology at New York University, where he maintained until his retirement in 1949 
a research center which attracted students from every country of Europe, from Asia, and 
from South America, many of whom are today outstanding figures in scientific research. 

The magnitude of Robert Chambers’ contribution becomes all the more impressive 
when it is considered that he published over 230 scientific articles, bearing in mind the 
fact that writing was extremely burdensome for Chambers. A great deal of what he did, 
he left for others to put into words. He unflaggingly, to the point of self-denial, gave his 
time and counsel to a never-ending stream of students, associates, cronies and visitors. 
Time was a meaningless entity to him. 

In 1912, at the M. B. L. seminar sessions, Chambers was greatly stimulated by a 
lecture in which G. L. Kite showed that it was possible to interfere with the develop- 
ment of marine ova with glass microtools. In retrospect, we can see that this event 
proved to be the turning point in his scientific career. The potentialities of this approach 
appealed so much to Chambers that he developed and applied the microsurgical technique 
extensively, his name becoming synonymous with the micromanipulative method. In his 
early work, principally at Woods Hole, he clearly showed the importance of sol-gel 
transformations in relation to aster formation and cell division. There followed the 
beautiful demonstrations, accompanied by motion pictures, of the capacity of the cyto- 
plasm and cell surface to recover from various forms of microinjury in the presence of 
the proper ionic environment. He made the earliest measurements of the pH of the 
cytoplasm in intact cells, using indicator dyes. His enthusiasm was such that every 
aspect of cellular behavior intrigued him, the cohesion of blastomeres in developing 
embryos, the action of salts on protoplasm, the nature of vital staining, the interfacial 
tension at protoplasmic surfaces, the acid of injury, etc. 

Later, Chambers combined tissue culture with microtechniques. Especially note- 
worthy were his studies on malignant cells, the secretory activity of kidney tubules and 
chemotactic phenomena. During World War II, he devoted a goodly part of his energies 
to studies on capillary permeability and to the vascular sequelae of experimental shock. 
New and important concepts of circulatory homeostasis were originated. 

Numerous honors were bestowed upon Chambers. As early as 1926 he gave his first 
Harvey lecture on the living cell. During this period he received the Traill medal from 
the Linnean Society of London, the John Scott medal from the City of Philadelphia, the 
medal of L’Academie Nationale de Médecine of Paris, was made a Fellow of the Royal 
Microscopical Society of England, and was given an honorary LL.D. from Queens Uni- 
versity. He was active in the affairs of many societies, having been a Trustee of the 
Marine Biological Laboratory, a member of the Board of Directors of the Long Island 
Biological Association, President of the American Society of Zoologists, the Harvey 
Society, the Union of American Biological Sciences, and vice-president of the American 
Association of Anatomists. 
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When one attempts to give an account of a man’s life in a few hundred words, the 
impossibility of the task becomes increasingly apparent. In the case of Robert Chambers, 
his human qualities transcended even his outstanding scientific achievements. His later 
years were saddened by the loss of his oldest son, Robert, in World War II, and by the 
protracted illness and death of his wife Bertha. It would be a mere platitude to say 
that we shall miss him, but we hope that the imprint of his indomitable spirit will live 
on in those of us who were fortunate enough to know him and to contribute some small 
part to the fruits of his labor. 


1. THe Starr, 1957 


Puitip B. ArRMsTRONG, Director, State University of New York, School of Medicine, 
Syracuse 


ZOOLOGY 
I. CONSULTANTS 


F. A. Brown, Jr., Professor of Zoology, Northwestern University 
Lispi—e H. Hyman, American Museum of Natural History 
A. C. RepFieLp, Woods Hole Oceanographic Institution 


[l. INSTRUCTORS 


TuHeoporeE H. Buttock, Professor of Zoology, University of California, Los Angeles; 
in charge of course 

Joun M. Anperson, Associate Professor of Zoology, Cornell University 

Joun B. Buck, Senior Biologist, National Institutes of Health 

CLARK P. REAp, Associate Professor, School of Hygiene and Public Health, Johns Hop- 
kins University 

Grover C. STEPHENS, Assistant Professor of Zoology, University of Minnesota 

Morris RockstTEIN, Associate Professor of Physiology, New York University College of 
Medicine 

Capet Hanp, Assistant Professor of Zoology, University of California, Berkeley 

Howarp A. SCHNEIDERMAN, Assistant Professor of Zoology, Cornell University 


III. Laporatory ASSISTANTS 


Rosert V. KircHen, Columbia University 
Peter PickeNs, University of California 


EMBRYOLOGY 


I. INSTRUCTORS 
M. V. Epps, Jr., Professor of Biology, Brown University; in charge of course 
N. T. Spratt, Jr., Professor of Zoology, University of Minnesota 
M. SussMAN, Associate Professor of Biological Sciences, Northwestern University 
J. P. Trrnxaus, Associate Professor of Zoology, Yale University 
P. B. Wetsz, Associate Professor of Zoology, Brown University 
E. ZwitiincG, Program Director, National Science Foundation (on leave from University 
of Connecticut ) 


Il. LaAporatory ASSISTANTS 


R. G. Bearp, Carnegie Institution of Washington, Department of Embryology 
C. M. Futton, Rockefeller Institute for Medical Research 
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PHYSIOLOGY 
I. CONSULTANTS 


Merke H. Jacoss, Professor of Physiology, University of Pennsylvania 
ArtuurR K. Parpart, Professor of Biology, Princeton University 
Atgert SzENtT-GyOrcy1, Director, Institute for Muscle Research, Woods Hole 


II. INsTRUCTORS 


W. D. McE roy, Professor of Biology, Johns Hopkins University; in charge of course 

Francis D. Carson, Assistant Professor of Biophysics, Johns Hopkins University 

BerNarp D. Davis, Professor of Pharmacology, New York University, College of Medi- 
cine 

DonALD GRIFFIN, Professor of Zoology, Harvard University 

Howarp SCHACHMAN, Virus Laboratory, University of California, Berkeley 

ANDREW SzENT-GyOrcyI, Institute for Muscle Research, Marine Biological Laboratory 

III. LaAsoratory ASSISTANT 


Rocer TuHets, Rockefeller Institute 
BOTANY 
I. CONSULTANT 


Wm. RANnpbo_pn Taytor, Professor of Botany, University of Michigan 


Il. INSTRUCTORS 


Haroip C. Bop, Professor of Biology, Vanderbilt University ; in charge of course 
Rozert W. Krauss, Associate Professor of Botany, University of Maryland 
RicuArp C. Starr, Associate Professor of Botany, Indiana University 


III. Lecrurer 


Rutn Patrick, Curator of Limnology, Academy of Natural Sciences of Philadelphia 


IV. COoLLecTor 


Gina Arce, Vanderbilt University 


V. Lasoratory ASSISTANTS 
EvuceNe Fox, Indiana University 
Raymonp A. GALLowAy, University of Maryland 
MARINE ECOLOGY 
I, CONSULTANTS 


Paut GA.tsorF, U. S. Fish and Wildlife Service, Woods Hole 
Atrrep C, REDFIELD, Woods Hole Oceanographic Institution 
Joun S. RANKIN, University of Connecticut 
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ll. INSTRUCTORS 





EUGENE P. OpuM, Protessor of Zoology, University of Georgia; in charge of cours 
Epwin T. Mout, Associate Professor of Botany, Rutgers University 
Joun H. Rytner, Marine Biologist, Woods Hole Oceanographic Institution 
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Homer P. Smitu, General Manager 
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2. INVESTIGATORS, LALOR AND LILLIE FELLOWS, AND STUDENTS 


Independent Investigators, 1957 


Aretto, Epwarp, Assistant in Zoology, Columbia University 

Aten, M. Jean, Associate Professor of Biology, Wilson College 

ANDERSON, JOHN MAXWELL, Associate Professor of Zoology, Cornell University 

ArmstronG, Puiuip B., Professor of Anatomy, State University of New York, College of 
Medicine, at Syracuse 

ArNoLD, WILLIAM A., Scientific Investigator, Oak Ridge National Laboratory 

Bacon, DonaAtp F., Assistant in Department of Microbiology, Yale Medical School 

BANG, FREDERIK, Professor of Pathology, Johns Hopkins University School of Hygiene 

Barton, JAy, II, Associate Professor of Biology, Collegeville, Indiana 

BENESCH, REINHOLD, Investigator, Marine Biological Laboratory 

BENNETT, MICHAEL, Research Worker, Columbia University, College of Physicians and Surgeons 

BENNETT, MirtaM F., Instructor in Biology, Sweet Briar College 

Berc, Wi1Lt1AM E., Associate Professor of Zoology, University of California 

Bercer, CHARLES A., Chairman, Department of Biology, Fordham University 

BisHop, NorMAN I., Research Associate, University of Chicago 

Brapy, Roscog, Section Chief, National Institutes of Health 

BraAAMS, RENIER, Research Associate, Yale University 

BRIDGMAN, JOSEPHINE, Professor of Biology, Agnes Scott College 

Brown, Frank A., Jr., Professor of Biology, Northwestern University 

Bryant, S. H., Professor of Pharmacology, University of Cincinnati, College of Medicine 

BUCKMANN, DetLer, Zoologisches Institut, Saarstrabe 21, Mainz, Germany 

Buttock, THEODORE H., Professor of Zoology, University of California, Los Angeles 

BurceN, ARNOLD, Professor of Physiology, McGill University 

CAMPBELL, MILpRED A., Instructor in Zoology, Smith College 

Caritson, Francis D., Associate Professor of Biophysics, Johns Hopkins University 

Case, JAMES F., Assistant Professor of Zoology, Iowa State University 

Cuaet, Atrrep B., Instructor in Physiology, Boston University School of Medicine 

CHANG, JosEPH J., Member of Laboratory of Biophysics, National Institutes of Health 

Cuase, AurIN M., Associate Professor of Biology, Princeton University 

Cueney, RALPH H., Professor of Biology; Director Physiology Division, Brooklyn College 

CiarFr, C. Ltoyp, Research Associate in Surgery, Harvard Medical School 

CLark, Gorpon M., Research Associate, University of Michigan 

Ciement, A. C., Professor of Biology, Emory University 

Crowes, G. H. A., Research Director Emeritus, Lilly Research Laboratories 

Cott, KenNeETH S., Chief, Laboratory of Biophysics, National Institutes of Health 

Coven, MELVIN J., Instructor in Biology, Harvard University 

Cottier, Jack R., Instructor in Zoology, University of Vermont 

Cotwin, ArtHUR L., Associate Professor, Queens College 

Cotwin, LaurA Hunter, Lecturer, Queens College 

CONNELLY, CLARENCE M., Associate, Rockefeller Institute 

CoorpersTEIN, SHERWIN J., Associate Professor of Anatomy, Western Reserve University School 
of Medicine 

CosteLto, DonaLp P., Kenan Professor of Zoology, University of North Carolina 

Crane, Ropert K., Associate Professor of Biological Chemistry, Washington University Medi- 
cal School 

Crowe.L, Sears, Associate Professor of Zoology, Indiana University 

Csapo, Arpap I., Associate Professor, Rockefeller Institute for Medical Research 

CusHING, JoHN Exprince, Associate Professor of Biological Sciences, University of California, 
Santa Barbara College 

DeVoe, Rosert, Graduate Fellow, Rockefeller Institute for Medical Research 

Dieter, CLARENCE D., Head of Department of Biology, Washington-Jefferson College 

Epps, Mac V., Jr, Professor of Biology, Brown University 

Epwarps, CHar.es, Professor of Physiological Optics, Johns Hopkins University 

E.uiorr, ALrrep M., Professor of Zoology, University of Michigan 
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EnGie, RAtpH L., Jr., Assistant Professor of Medicine, Cornell University Medical College 
Faia, G., Professor, Columbia University 
Frye, B. E., Postdoctoral Fellow, Princeton University 
GaLL, Joseru G., Assistant Professor of Zoology, University of Minnesota 
GreEN, Howarp, Assistant Professor of Chemical Pathology, New York University College 
of Medicine 
Green, Maurice, Assistant Professor of Microbiology, St. Louis University School of Medicine 
GREENBERG, Sytv1a S., Damon Runyon Cancer Research Fellow, New York University 
Grecc, JAMes H., Associate Professor of Biology, University of Florida 
Greir, Rocer L., Associate Professor of Physiology, Cornell University Medical College 
Groscu, Dantet S., Associate Professor of Genetics, N. C. State College 
Gross, Paut, Assistant Professor of Biology, New York University 
Grunorest, Harry, Associate Professor of Neurology, College of Physicians and Surgeons 
GUDERNATSCH, Freperick, 1300 York Avenue, New York 21 
GuttrMAn, Rira, Assistant Professor of Biology, Brooklyn College 
Hanp, Canet, Assistant Professor of Zoology, University of California, Berkeley 
Harvey, Erne, Browne, Research in Biology, Princeton University 
Harvey, E. Newton, Professor Emeritus of Biology, Princeton University 
Hayasut, Teru, Associate Professor of Zoology, Columbia University 
HEILBRUNN, L. V., Professor of Zoology, University of Pennsylvania 
HENLEY, CATHERINE, Research Associate, University of North Carolina 
Hervey, Joun P., Electronic Engineer, Rockefeller Institute for Medical Research 
Hitt, Rosert B., Instructor in Zoology, University of Maine 
HoserMan, Henry D., Associate Professor of Biochemistry, Albert Einstein College of Medicine 
Horowitz, SAMUEL B., Research Fellow, Eastern Pennsylvania Psychiatric Institute 
Hoye, Granam, Glasgow University, Scotland 
Hype, Beat B., Assistant Professor of Plant Sciences, University of Oklahoma 
ISENBERG, Irvin, Research Associate, Institute for Muscle Research 
Jenner, CuHartes E., Associate Professor of Zoology, University of North Carolina 
KatcKArR, BARBARA W., Biochemist, National Institutes of Health 
Kemp, Norman E., Assistant Professor of Zoology, University of Michigan 
Kempton, Rupotr T., Professor of Zoology, Vassar College 
Kiortz, Irvine M., Professor of Chemistry and Biology, Northwestern University 
KuFFLER, STEPHEN W., Professor of Ophthalmic Physiology and Biophysics, Johns Hopkins 
University 
LANSING, ALBert I., Professor of Anatomy, University of Pittsburgh 
Lazarow, ARNOLD, Professor and Head of Department of Anatomy, University of Minnesota 
Lawter, H. Crarr, Associate in Biochemistry, College of Physicians and Surgeons 
LAwrRENCE, H. SHERwoop, Associate Professor of Medicine, New York University College of 
Medicine 
LEIGHTON, JosepH, Assistant Professor of Pathology, University of Pittsburgh 
Levy, Mitton, Professor and Chairman, Department of Biochemistry, New York University 
College of Dentistry 
Lewin, Rapa A., National Institutes of Health 
LrnppBerc, Otov, Professor and Head of Wenner-Grens Institute, Sweden 
Litt, Mortimer, Research Fellow in Bacteriology, Harvard Medical School 
LocHHEAD, JouN H., Professor of Zoology, University of Vermont 
Loranp, L., Assistant Professor of Chemistry, Northwestern University 
LowenstEIN, O. E., Professor of Zoology, University of Birmingham, England 
Lusin, Martin, Associate in Pharmacology, Harvard Medical School 
McE roy, W. D., Chairman, Biology Department, Johns Hopkins University 
Maas, WERNER K.., Assistant Professor of Pharmacology, New York University Medical College 
MaRSHAK, ALFRED, Marine Biological Laboratory 
MarRSLAND, Douctas, Professor of Biology, New York University, Washington Square College 
MENKIN, VALY, Head of Experimental Pathology, Temple University School of Medicine 
Merz, Cuar_es B., Associate Professor of Zoology, Florida State University 
Metz, Cuartes W., Professor of Zoology, University of Pennsylvania 
MIppLesrook, W. Rosert, Institute for Muscle Research 
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Mitts, KENNETH S., Instructor of Biophysics, University of California Medical Center 

Moore, Joun W., Associate Chief, National Institutes of Health 

Mutnarp, Jacques G., Chef De Travau, University of Brussels, Belgium 

Muturns, L. J., Associate Professor of Biophysics, Purdue University 

Nace, Paut F., Associate Professor of Biology, Hamilton College, McMaster University, 
Ontario 

Niu, MAN-CuIAno, Associate, Rockefeller Institute for Medical Research 

Opum, Eucene P., Professor of Zoology, University of Georgia 

Osternout, W. J. V., Member Emeritus, Rockefeller Institute for Medical Research 

PADAWER, JACQUES, Assistant Professor of Biochemistry, Albert Einstein College of Medicine 

Parpart, ArtuurR K., Professor and Chairman, Department of Biology, Princeton University 

Person, Puiiip, Chief, Dental Research, V. A. Hospital, Brooklyn 

Pert, James H., Professor in Medicine, Cornell University Medical College 

Piroucu, Haroip H., Professor of Biology, Amherst College 

Prosser, C. Lapp, Professor of Physiology, University of Illinois 

Reap, CiarkK P., Associate Professor of Pathobiology, Johns Hopkins University 

ReBHUN, LIONEL I., Instructor in Anatomy, University of Illinois College of Medicine 

Rieser, Peter, Research Associate, University of Pennsylvania 

Rocxstern, Morris, Associate Professor of Physiology, New York University College of 
Medicine 

Rocers, K. T., Assistant Professor of Zoology, Oberlin College 

RosENBERG, Evetyn K., Assistant Professor of Pathology, New York University-Bellevue 
Medical Center 

Rorn, Jay S., Associate Professor of Biochemistry, Hahnemann Medical College 

Rucu, Roserts, Associate Professor of Radiology, Columbia University 

ScHECHTER, Victor, Associate Professor of Biology, City College of New York 

SCHNEIDERMAN, Howarp A., Associate Professor of Zoology, Cornell University 

SCHOFFENIELS, Ernest, Research Associate, College of Physicians and Surgeons 

Scnun, Josepu E., Professor and Chairman, Department of Biology, St. Peter’s College 

ScHULMAN, MartIN P., Assistant Professor of Biochemistry, State University of New York, 
College of Medicine at Syracuse 

Scott, Dwicut B. McNair, Assistant Professor of Physiology, University of Pennsylvania 
Medical School 

Scott, SistER FLoreNcE Marte, Professor and Chairman, Department of Biology, Seton Hill 
College 

Scott, GrorGE T., Professor of Zoology, Oberlin College 

SHanes, A. M., Physiologist, National Institutes of Health 

Suaw, Evetyn, Research Fellow, American Museum of Natural History 

Suirer, ELEANOR H., Associate Professor of Zoology, State University of Iowa 

SMELsER, GeorGE K., Professor of Anatomy, College of Physicians and Surgeons 

SpeiweL, Cart C., Professor and Chairman, Department of Anatomy, University of Virginia 

SPERELAKIS, Nick, Teaching Assistant, University of Illinois 

SpreceEL, MELvin, Assistant Professor of Biology, Colby College 

Spratt, NEtson T., Professor of Zoology, University of Minnesota 

SprropouLos, CONSTANTINE, National Institutes of Health 

Starr, Ricnarp C., Assistant Professor of Botany, Indiana University 

STEELE, Ricuarp H., Institute for Muscle Research 

SternBaAcH, H. B., Professor of Zoology, University of Chicago 

STEPHENS, Grover C., Assistant Professor of Zoology, University of Minnesota 

STEPHENSON, WiLLIAM K., Assistant Professor of Biology, Earlham College 

StetreN, DeWitt, Associate Director in Charge of Research, National Institutes of Health 

Stoxey, Atma G., Professor Emeritus, Mount Holyoke College 

STONE, WILLIAM, JR., Massachusetts Eye and Ear Infirmary 

StunKarp, Horace W., Research Biologist, U. S. Fish and Wildlife Service 

SUSSMAN, Maurice, Associate Professor of Biological Sciences, Northwestern University 

SZENT-GYORGYI, Apert, Chief Investigator, Institute for Muscle Research 

SZENT-GYORGYI, Anprew G., Investigator, Institute for Muscle Research 

rasaki, Tcntyr, Chief, Special Senses Section, National Institutes of Health 
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Tay Lor, WILLIAM RanpbotpH, Professor of Botany, University of Michigan 

TeWrnKEL, Lois E., Professor of Zoology, Smith College 

TRINKAUS, JoHN Puuip, Associate Professor of Zoology, Yale University 

TroLt, WALTER, Assistant Professor, New York University College of Medicine 

Twaroc, Betry Mack, Research Fellow, Harvard University 

TWEEDELL, Kenyon S., Assistant Professor of Zoology, University of Maine 

ULBerG, Sven G. F., Royal Veterinary College, Stockholm, Sweden 

DEVILLLAFRANCA, GeorGE W., Assistant Professor of Zoology, Smith College 

Vitter, CLaupE A., Associate Professor of Biological Chemistry, Harvard Medical School 

Vincent, WALTER S., Instructor in Anatomy, State University of New York, Medical Center 
at Syracuse 

WalInio, WALTER W., Associate Professor of Biochemistry, Rutgers University 

Wess, H. MARGUERITE, Assistant Professor of Physiology, Goucher College 

WEIGLE, WrtL1AM O., Research Associate, University of Pittsburgh School of Medicine 

WESTHEIMER, GERALD, Assistant Professor of Physiological Optics, Ohio State University 

Wuittnc, ANNA R., Lecturer in Zoology, University of Pennsylvania 

WuitinG, P. W., Professor of Zoology Emeritus, University of Pennsylvania 

WICHTERMAN, RALPH, Professor of Biology, Temple University 

Wiser, CuHarves G., Chief, Comparative Physiology Branch, Army Chemical Center 

Witey, C. H., Chairman, Department of Biology, New York University 

Witson, Donatp M., Teaching Assistant, University of California, Los Angeles 

Witson, T. HastinGs, Assistant Professor of Biological Chemistry, Washington University 
School of Medicine 

Witson, WALTER L., Assistant Professor of Physiology, University of Vermont College of 


Medicine 
WITTENBERG, JONATHAN B., Assistant Professor of Physiology, Albert Einstein College of 


Medicine 
Woops, KENNETH R., Research Associate, Cornell University Medical College 
Waricut, Paut A., Associate Professor of Zoology, University of Michigan 
ZWEIFACH, BENJAMIN W., Associate Professor of Pathology, New York University-Bellevue 


Medical Center 
ZwILLiInG, EpGar, Associate Professor of Genetics, University of Connecticut 































Beginning Investigators, 1957 










Ausup, Preccy, University of Pennsylvania 
BensusAN, Howarp B., Western Reserve University 

Burke, Josepu, S.J., Fordham University 

CaGLe, JULIEN, Princeton University 

CASCARANO, JosEPH, University of Minnesota Medical School 

Cert, JEAN A., University of California 

CHANCE, ELEANOR K., University of Pennsylvania 

Drncie, A. D., McMaster University 

Ganac!, Dominick P., Upstate Medical Center, State University of New York 
HARDIMAN, CLARENCE W., Florida State University 

KANE, Rosert E., Johns Hopkins University 

MASHIMA, Hipenoser, Rockefeller Institute for Medical Research 

Mason, Davin T., Reed College 

Moos, Cart, Northwestern University 

NAGLER, ARNOLD L., Bellevue Medical Center 

Ross, SAMUEL M., State University of New York, College of Medicine at Brooklyn 
Rucerert, Georce, St. Louis University 

Scuwartz, JAMes H., New York University College of Medicine 

Smiru, Rosert G., Washington University Medical School 

STROHMAN, RicHArp C., Columbia University 

TueEts, Rocer E., Rockefeller Institute for Medical Research 

TuRNER, BARBARA, Johns Hopkins University School of Medicine 

WESSELLS, NoRMAN Ke!rtu, Yale University 































REPORT OF THE DIRECTOR 19 


Research Assistants, 1957 


Apert, Morris, Boston University 

AMATNIEK, Ernest, Columbia University 

AvucLair, WALTER, New York University, Washington Square College 
BARNHART, B. J., Indiana University 

BARNWELL, FRANKLIN H., Northwestern University 
Barrow, PATIENCE C., University of Toronto 

Benoit, RicHarp, Massachusetts Eye and Ear Infirmary 
BLANCHARD, RoBerta, Woods Hole, Mass. 

Bruck, STEPHEN D., duPont de Nemours & Company 
CaTHER, JAMES N., Emory University 

CLarK, WILLIAM R., Jr., Boston University 

Corner, M., Rockefeller Institute 

CrowLey, EL1zABetH M., University of Pittsburgh 
Dreset_, Davin G., University of Pennsylvania 

Douctas, STEVEN, Cornell University 

ErpMAN, Howarp E., North Carolina State College 
FEINBERG, Harriet ADELE, University of Pennsylvania 
FELDMAN, RICHARD, Rockefeller Institute for Medical Research 
Fox, J. Eucene, Indiana University 

FRIEDMAN, LEONARD, Rutgers University 

GeBHaArT, JoHN H., National Institutes of Health 
GirForD, CAMERON E., Harvard University 

GirForp, CHARLES A., University of Minnesota 

Gorpon, Rosert, Massachusetts Institute of Technology 
GORKENANT, INGEBURG, Woods Hole, Mass. 

GoupsmitT, EstHer M., University of Michigan 

GRINNELL, ALAN, Harvard University 

Hiatt, Howarp, Harvard Medical School 

IncLis, LaurA H., Hahnemann Medical College 

Jones, HELEN, Massachusetts Eye and Ear Infirmary 
JoserpHson, Ropert K., University of California 
KARAKASHIAN, STEPHEN J., Drew University 

KAUFMAN, SHARON L., Smith College 

Kerevy!l, THoMAS, Harvard Medical School 

KERNAN, Roperick P., Rockefeller Institute for Medical Research 
KIRCHEN, Rosert V., Columbia University 

KorpMANn, AARON, Queens College 

KRASSNER, STUART, Johns Hopkins University 

Levi, Cotette P., Northwestern University 

LIEBERMAN, Harry, New York University-Bellevue Medical Center 
LortnG, JANET, Harvard Medical School 

Lunes, Caro, Harvard Medical School 

Matueson, Gait E., Yale University 

McCann, Francis, University of Connecticut 

Metca.r, Carroti, Colby College 

Morrison, ELatne, Massachusetts Eye and Ear Infirmary 
Nass, Sy_van, New York University 

OLson, JOANNE M., University of Minnesota 

PauLsen, ELizaBetH, Rutgers University 

PLums, Mary Eten, Vassar College 

Pottock, Brian,.Brooklyn V. A. Hospital 

ReicH, MELVIN, Rutgers University 

RicHarps, ELMER G., University of California 

Rogertson, Mrs. C. W., United States Fish and Wildlife Service 
Root, RicHarp, University of Michigan 

Root, Etizazetu, University of Michigan 
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ROSENBLUTH, Raja, Columbia University 
Ross, Suirtey E1rreen, Washington University 

RossiLLo, Lupwie A., St. Peter’s College 

Rusrnorr, Ira, American Museum of Natural History 
SCHINSKE, Rosert, University of Minnesota 

SCHELTEMA, AMELIE H., University of North Carolina 
SHAY, JONATHAN, Temple Medical School 

SHEPARD, Davin, University of Chicago 

Simmons, JouHn E., Johns Hopkins University 

SMILEY, SHELDON, New York State University at Syracuse 
STADLER, JOAN, Swarthmore College 

STauB, Hersert W., Rutgers University 

Tirus, CuHartes C., Western Reserve University 

TREMOR, JOHN, University of Michigan 

Walte, Ricuarp E., University of Pennsylvania 
Warwick, ANNE C., Johns Hopkins University 
WEIsBLUM, BERNARD, State University of New York 
WELLINGTON, FreperIcA, Harvard Medical School 
Wuitseck, ELaine, Smith College 
WYTTENBACH, Cuar_es R., Carnegie Institute 


Library Readers, 1957 


ALLFREY, VINCENT G., Associate, Rockefeller Institute for Medical Research 
AMBERSON, WILLIAM R., Professor of Physiology, University of Maryland School of Medicine 
Bat, Eric G., Chairman, Division of Medical Sciences, Harvard Medical School 
BERNHEIMER, ALAN W., Associate Professor of Microbiology, New York University College 
of Medicine 
Buiocu, Rosert, Associate Editor, Biological Abstracts, University of Pennsylvania 
Bopansky, Oscar, Sloan-Kettering Institute 
Brooks, Matitpa M., Research Associate in Physiology, University of California 
CHANUTIN, ALFRED, Professor of Biochemistry, Medical School, University of Virginia 
CrarK, Euror R., Professor Emeritus of Anatomy, University of Pennsylvania School of Medi- 
cine 
Conen, Seymour S., Professor of Biochemistry, Children’s Hospital 
DEANE, HELEN WENDLER, Harvard Biological Laboratories 
Dixon, Frank J., Jr., Chairman, Department of Pathology, University of Pittsburgh School 
of Medicine 
DuBois, ArtHur D., Associate Professor of Physiology, University of Pennsylvania School of 
Medicine 
Eicnet, Hersert J., Hahnemann Medical College 
E1sen, HerMAN N., Professor of Medicine, Washington University 
GABRIEL, Morvecal L., Associate Professor of Biology, Brooklyn College 
Garrron, Hans, Professor of Biochemistry, University of Chicago 
Gotptuwait, Davin A., Western Reserve University 
GREEN, JAMES W., Associate Professor of Physiology, Rutgers University 
Jacoss, M. H., Emeritus Professor of General Physiology, University of Pennsylvania School 
of Medicine 
Kaan, HeLen W., Indexer, National Research Council 
Karush, Frep, Associate Professor of Immunology, University of Pennsylvania 
Lionetti, FABIAN J., Associate Professor of Biochemistry, Boston University School of Medicine 
Lonpon, Irvine M., Professor and Chairman, Department of Medicine, Albert Einstein College 
of Medicine 
Love, Lois H., Research Associate, National Research Council 
McDona.p, Sister EvizAsetu, Chairman, Department of Biology, College of Mt. St. Joseph 
Moore, Georce M., Professor and Chairman of Zoology, University of New Hampshire 
Novixorr, ALEx B., Research Associate Professor of Pathology, Albert Einstein College of 


Medicine 
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Pick, JosePH, Professor of Anatomy, New York University-Bellevue Medical Center 

Root, WALTER S., Professor of Physiology, College of Physicians and Surgeons 

Rose, S. Mery, Professor of Zoology, University of Illinois 

ScHLESINGER, R. WALTER, Director, Department of Microbiology, St. Louis University School 
of Medicine 

Scott, ALLAN, Professor of Biology and Chairman of Department, Colby College 

SHERMAN, FRANK E., Assistant Professor of Pathology, University of Pittsburgh 

STEINHARDT, JACINTO, Director, Operations Evaluation Group, Massachusetts Institute of Tech- 
nology 

Su_kxin, S. Epwarp, Professor and Chairman, Department of Microbiology, University of 
Texas, Southwestern Medical School 

WacnerR, Ropert R., Assistant Professor of Medicine, Johns Hopkins University School of 
Medicine 

Warner, Ropert C., Associate Professor of Biochemistry, New York University College of 
Medicine 

Wuee Ler, GeorceE E., Instructor of Biology, Brooklyn College 

WHITEHOUSE, MICHAEL W., Instructor of Biochemistry, University of Pennsylvania School of 
Medicine 

YNTEMA, CHESTER L., Professor of Anatomy, State University of New York College of Medi- 
cine 

Zorzott, ANITA, Associate Professor of Physiology, Vassar College 


LALOR FELLOWS, 1957 


Bacon, DonaLp, Yale Medical School 

BisHop, NoRMAN, University of Chicago 

Bryant, S. H., University of Cincinnati 

3UCKMANN, Detter, Zoologisches Institut, Mainz, Germany 

Burcen, A. S. V., McGill University 

Epwarps, CHARLES, Johns Hopkins University 

EnGie, Ratpn, Cornell University Medical College 

Loranp, L., Northwestern University 

LinpBERG, OLov, Wenner-Grens Institute, Sweden 

Lupin, Martin, Harvard Medical School 

SCHULMAN, MARTIN, State University of New York, College of Medicine at Syracuse 
STEPHENSON, W. K., Earlham College 

WHITEHOUSE, MICHAEL, University of Pennsylvania School of Medicine 
Witson, T. HaAstincs, Washington University School of Medicine 
Woops, KennetH, Cornell University Medical School 


Lillie Fellow, 1957 


Niu, MAan-CutancG, Rockefeller Institute for Medical Research 


Students, 1957 
BOTANY 


ABELES, Frep B., Cornell University 

ARNOLD, EvizaBetH I., University of Rochester 
Aronson, Fiora P., Brooklyn College 

Bouck, Georce B., Columbia University 

Cook, Puitie W., University of Vermont 
CzeELUSNIAK, MARILYN M., Smith College 
FRANKEL, JOSEPH, Yale University 
Herskowi!11z, Jutia, Antioch College 

KeeEer, Cart R., Jr., Northwestern University 
Kteprer, Evizasetu, Vanderbilt University 
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KuENZLER, Epwarp J., University of Georgia 
MorELAND, RALPH E., Jr., Indiana University 
Muscuio, Henry M., Fordham University 
Park, Hyancjyu, Wellesley College 

Paout, GiseLta, Chatham College 

ParKER, Bruce C., Yale University 

Prora, Cart D., Fordham University 

Rice, ELEANOR, Wheaton College 

Tews, Leonarp C., Indiana University 
Watser, STEPHANIE L., Radcliffe College 


EMBRYOLOGY 


ARKLEsS, RicHaArpD, University of Pennsylvania Medical School 
Caston, J. DouGcias, University of North Carolina 
GOERINGER, GERALD C., Johns Hopkins University 
Grirrin, Joe Ler, Princeton University 

Hanks, James E., University of New Hampshire 
Hersu, Georce L., University of California 
KARAKASHIAN, STEPHEN J., Drew University 
Kerr, NorMAN S., Northwestern University 
Kesse., Ricuarp G., State University of Iowa 
KircuENn, Rosert V., Columbia University 

Kram, FLeurette L., Northwestern University 
Love, Davin S., University of Colorado 

Lowe, JANET M., University of Minnesota 
MatTuiesen, Georce C., Harvard University 
MELLon, DeForest, Jr., Yale University 

NELSON, SHIRLEY, Northwestern University 
ROSEWATER, JOSEPH, Harvard University 

SPARANO, BENJAMIN M., Fordham University 
TALsot, WILLIAM H., Rockefeller Institute 

Tyson, Greta E., University of New Hampshire 
Van Dyk, N. JOANNE, University of New Hampshire 
Watcott, Cartes, Cornell University 

WATKINS, MARGARET J., University of Minnesota 
Wuite, JEAN AnN, Mount Holyoke College 
Wytute, Ricuarp M., Harvard University 


PHYSIOLOGY 


CLARK, ALVIN JouNn, Harvard University 

Cox, Ropy P., University of Pennsylvania 

Davipson, Morton, Bellevue Medical College 

DusBnau, Davip A., Columbia University 

Erwin, Josepn A., Syracuse University 

FauN, STANLEY, University of California School of Medicine 
Fetix, Marie D., Cornell University Medical School 

Hart, Davin E., University of Rochester School of Medicine 
HALPEREN, SIDNEY, University of Texas 

KAHLBROCK, Marcit, Columbia University 

Kirscu, JAcK F., Rockefeller Institute 

McC .uskey, Ropert T., New York University-Bellevue Medical Center 
Mazur, Peter, Princeton University 

Mepina, Herror S., Inst. de Biolojia—Curitiba, Paroni, Brazil 
MINpicu, Leonarp E., Rockefeller Institute 

NAGLER, ARNOLD L., Bellevue Medical School 

Orero, Luis R., University of Puerto Rico 

RABINOWITZ, LAWRENCE, University of California 
RAWITSCHER, Ertka, American Museum of Natural History 
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Roserts, Patricia R., Duke University 

SCHNEIDER, JOHN H., University of Wisconsin 

Sicer, ALtvin, Johns Hopkins University 

STERN, DANIEL N., Albert Einstein College of Medicine 
Srone, Nancy J., Columbia University 

TaKeEuCcHI, Ikuo, Princeton University 

Weeks, Boyp M., University of California 

WILLIAMS, FRANK Rosert, Oberlin College 

WILLIAMS, FREDERICK M., Yale University 

Wits, Joun S., Harvard University 


INVERTEBRATE ZOOLOGY 
Asner, Davin M., Harvard University 
AUGENFELD, JOHN M., University of Wisconsin 
Becker, Joyce E., Evansville College 
BRANNING, ARLEEN, City College of New York 
BRAVERMAN, MAXWELL H., University of Illinois 
Camp, Donatp B. M., Acadia University 
CLARKE, ARTHUR H., Jr., Cornell University 
CoLEMAN, CHASE, Vassar College 
ConcANNON, Bro. Josepu, St. John’s University 
Cooper, MADELINE, American Museum of Natural History 
Cooper, KENNETH K., American Museum of Natural History 
CROWELL, JANE, Oberlin College 
DIAMOND, JARED M., Harvard University 
DosBeN, Puytuts A., Rocky River 16, Ohio 
Dozsss, Harry D., Wofford College 
Ectorr, Davin A., Amherst College 
GFELLER, SISTER Marion D., Marquette University 
Guze, Caro. D., Washington University 
Harener, Paut A., Jr., Franklin and Marshall College 
HecuTeEL, GeorGe J., Yale University 
Hitp, Davin H., Wesleyan University 
Horvatu, Nancy, 10121 S. Parnell Avenue, Chicago 38, Illinois 
Horwitz, JupirH, Radcliffe College 
Isaac, Donatp E., University of California 
JensEN, DonALD DALeE, Yale University 
Jounson, B. Tuomas, University of California 
Jorpan, ELtxe, Goucher College 
KAUFMAN, JOHN H., University of California 
KRASSNER, STUART, Johns Hopkins University 
LANE, RosemMArY M., Dalhousie University 
Letsy, Ersa, University of California 
LONGACRE, HarrIETTE, Mount Holyoke College 
Lorenzo, Micuaet A., St. Louis University 
Lowe, Mitprep E., Tulane University 
McManus, LAwrRENCE Rosert, Cornell University 
MENAKER, MICHAEL, Princeton University 
NEWBERRY, ANDREW Topp, Stanford University 
Poutson, Tuomas L., University of Michigan 
PraGer, JAN C., University of Cincinnati 
Reese, Ernst S., University of California 
Root, RicHarp B., University of Michigan 
Ross, SHirLEY E., Washington University 
SHERMAN, Irwin W., City College of New York 
Situ, S. CLARKE, Wabash College 
SMITH, SusAN, Earlham College 
THOMPSON, JANE F., University of Massachusetts 
THompson, MARTHA JANE, Oberlin College 
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Trotrer, Nancy L., Brown University 
Vitots, ANpris T., University of Minnesota 
WILHELM, Rosert C., Cornell University 

Wituis, Joun S., Harvard University 

Wirtry, Sister Esperance, College of St. Catherine 
Woop, Lanciey H., Cornell University 

Yow, Francis W., Emory University 











ECOLOGY 










ABELES, Frep, Cornell University 
BarsBer, Ricuarp I., Brown University 

BartH, Rosert H., Jr., Harvard University 

Biunt, SISTER MARION XAVIER, Marquette University 
BorHNeR, Ricuarp C., Fordham University 
ELLswortH, JOANNE, Elmira College 

Girrorp, CAMERON E., Harvard University 

RANDALL, Dona.p, Oberlin College 
Story, LAwrence P., Drew University 













3. FELLOWSHIPS AND SCHOLARSHIPS, 1957 






Lucretia Crocker Scholarship: 
Georce B. Bouck, Botany Course 







Conklin Scholarship: 





Ropert KircHEN, Embryology Course 


Merkel Jacobs Scholarship: 
Marcit KAnrprock, Physiology Course 








Calkins Scholarship: 
Tuomas L. Poutson, Invertebrate Zoology Course 


Bio Club Scholarships : 
ARLEEN BRANNING, Invertebrate Zoology Course 
Irwin W. SHERMAN, Invertebrate Zoology Course 








Linton Memorial Fund: 





C. D. Dieter, Washington-Jefferson College 






4. TABULAR VIEW OF ATTENDANCE, 1953-1957 










1953 1954 1955 













INVESTIGATORS—TOTAL .......... it na add bas wide edge 310 298 250 304 326 
RE OTC Teer Petes ee 180 162 184 186 
i caseessenseeees 37 20 9 20 23 
I I, inne niivtcemanwacecas 46 52 54 50 42 
I, ee a niblenemae — 46 25 50 75 

NNR, i ienkne bodkeawaninnneeinns chan 136 134 148 140 139 
oi kia mwlonare ih PO niece nthe aking ease edaas 55 56 56 55 55 
Embryology ......... FE Re ea ee eee 30 29 30 28 27 
EN rr se aes ean 3 28 30 30 30 
OO Peers ceeditinne Wahi naeana tema kya exis 11 12 19 18 18 
Ecology ..... einen akc cc aca.'e We Sae Wisden aha Nes ted 9 9 13 9 9 

i i ik ss bes santana aint 446 432 398 444 465 





Less persons represented as both investigators and 
GS Cen atinnwannd sueEked deena he aaa 
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INSTITUTIONS REPRESENTED—TOTAL 
By investigators 
By students 

ScHOOLS AND ACADEMIES REPRESENTED 
By investigators 
By students 

ForEIGN INSTITUTIONS REPRESENTED 
By investigators 
By students 


5. INSTITUTIONS REPRESENTED, 1957 


Amherst College 

American Museum of Natural History 

Boston University School of Medicine 
3rooklyn College 

Brown University 

Bryn Mawr College 

Chatham College 

Children’s Hospital of Philadelphia 

City College of New York 

Colby College 

College of Mt. St. Joseph on the Ohio 

Columbia University, College of Physicians 
and Surgeons 

Columbia University, Zoology Dept. 

Cornell University 

Cornell University Medical School 

Corporation of Roman Catholic Clergymen 

Duke University 

Albert Einstein College of Medicine 

Elmira College 

Emory University 

Florida State University 

Fordham University 

Hahnemann Medical College 

Harvard University 

Harvard University Medical School 

Indiana University 

Institute for Muscle Research 

Johns Hopkins University 

Johns Hopkins University Medical School 

Eli Lilly and Company 

Marquette University 

National Institutes of Health 

New York University—Heights 

New York University College of Medicine 

New York University, Washington Square 
College 

North Carolina State College 

Northwestern University 

Oberlin College 

Princeton University 

Purdue University 


Radcliffe College 

Rockefeller Institute for Medical Research 

Rutgers University 

Saint Joseph’s College 

St. Louis University 

St. Louis University, School of Medicine 

Single Cell Foundation 

Sloan-Kettering Institute 

Southwestern Medical College 

State University of Iowa 

State University of New York, College of 
Medicine at Syracuse 

Syracuse University 

Temple University 

University of Chicago 

University of Florida 

University of Illinois 

University of Illinois, College of Medicine 

University of Maine 

University of Michigan 

University of Minnesota 

University of New Hampshire 

University of North Carolina 

University of Oklahoma 

University of Pennsylvania 

University of Pennsylvania Medical School 

University of Pittsburgh 

University of Rochester 

University of Vermont 

University of Virginia, School of Medicine 

University of Wisconsin 

U. S. Fish and Wildlife Service 

Vassar College 

Veterans Administration Hospital of Brooklyn 

Wabash College 

Washington and Jefferson College 

Washington University School of Medicine 

Wellesley College 

Wesleyan University 

Wheaton College 

Wilson College 

Yale University 










MARINE BIOLOGICAL LABORATORY 





SupporTING INSTITUTIONS AND AGENCIES, 1957 











Abbott Laboratories Eli Lilly and Company 
American Cancer Society Merck and Company, Inc. 
American Philosophical Society National Institutes of Health 
Associates of the Marine Biological Labora- National Science Foundation 
tory Office of Naval Research 
Atomic Energy Commission The Rockefeller Foundation 
Ciba Pharmaceutical Products, Inc. Schering Corporation 
, The Grass Foundation Smith, Kline and French Foundation 
Kellogg Foundation The Upjohn Company 







The Lalor Foundation 


FoREIGN INSTITUTIONS REPRESENTED, 1957 









Zoologisches Institut, Mainz, Germany University of Oslo, Sweden 






McGill University, Montreal, Canada University of Brussels, Belgium 

Glasgow University, Scotland Royal Veterinary College, Sweden 
University College, London, England Utrecht University, The Netherlands 
Wenner-Grens Institute, Sweden McMaster University, Hamilton College, Can- 










University of Birmingham, England ada 






6. EveninG Lectures, 1957 






July 5 
SIND TI «icc aencecnc aiden anereuh omen “In pursuit of a gene” 








July 12 
" K. LinperstréM-LANG ..... eseeeeeeees Veuterium exchange of proteins in aqueous 
solution” 
July 19 
CP DAINE. «5.<.4:dccawnesd od ted tionen “Functional-structural correlations in mito- 
chondria’”’ 
July 26 
RE 2. TRE since wine inne cennee “Chemical morphology of the elastic fiber” 






August 2 
NN i i ie “The acquisition of biological specificity” 
7 | § I \ 






August 9 
a RY I ae rien ae Pe Py re Se “The behavior of nerve cells” 





August 16 
FRANCIS J]. RYAN ss anauinegivickala ard areata ac 
August 23 


er Sk OE is se Kateri die be dale sao 


“Mutation as an error in gene duplication” 






‘The chemical pathology of the virus in- 






fected cell” 







7. TuespAy EVENING SEMINARS, 1957 










July 2 
Cea Bi. SORES ssisiixen ni. cdvoieadiss “The enhancement of starfish sperm motility 


and respiration by metals and metal bind- 






ing agents” 
amet: T.. TMP civics ccnntcaxevaa “Differentiation of cortical cytoplasm and 
extra-cellular membranes of oocytes, in- 
cluding changes at fertilization” 
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LAuRA HUNTER COLWIN and ARTHUR 
L. CoLwIN ‘“Lytic and other activities of the individual 
spermatozoon during the early events of 
sperm entry (Hydroides, Saccoglossus, 
and several other invertebrates)” 
July 0 
" A. M. SHANES “lon movement in vertebrate nerve” 
WILLIAM STEPHENSON ‘Relationships between ion movements and 
membrane potential changes in muscle” 
G. HoyLe “Nervous control of muscular contraction in 
arthropods” 
W. H. FREYGANG, JR. “Evidence for electrical inexcitability of 
neuron soma” 
July 16 
lr, R. Tosteson, S. A. FERGUSON and 
L. V. HEILBRUNN “Further studies of the antimitotic and car- 
cinostatic action of ovarian extracts” 
L. V. HEILBRUNN, FRANCIS ASHTON, 

CARL FELDHERR and W. L. Witson ..“The action of insulin on living cells” 
FRANCIS ASHTON Magnetic studies on cells and protoplasm” 
CARL FELDHERR The metachromatic reaction in various types 

of protoplasm” 
PETER RIESER “Effect of x-rays on fibrinogen” 
PauLt R. Gross, SyLvAN Nass and 
WILLIAM PEARL “Mechanisms of sol-gel transformations in 
the cytoplasm” 
July 23 
R. E. BENEscu and R. BENESCH “Sulfur linkages in hemoglobins” 
A. CHASE “Uricase inactivation by urea” 
.. LORAND “Clotting of blood: a study of the polymeri- 
zation of proteins” 
H “Structural considerations on bushy stunt 
virus” 
July 30 
Luic1 PRovASsOoLI “Effect of plant hormones on sea weed” 
Dwicur McNair Scott “~hanges in RNA during synchronous di- 
vision of E. coli” 
Jay S. Rotru “Observations on the RNase system of rat 
liver” 
BERNARD Davis “Bacterial permease systems” 


August 6 

JosEpH GALL “Thymidine incorporation into the macro- 
nucleus of Euplotes ( Protozoa)” 

Beat B. Hype “The effect of Versene on the sulfhydryls of 
chromatin” 

“Interactions between chromosomes and cy- 

toplasm during early embryonic develop- 
ment in Sciara ( Diptera)” 
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August 13 


Bostwick H. KBTCHUM .......s.ccse5. “Marine ecology and its place in biological 
research” 

ea I oes 5 oes Gas dwseeee “Studies on simple natural ecosystems” 

Peay FE I si 5 ase vice eens istne “On the efficiency of photosynthesis in the 
sea” 

[Tuomas S. AUSTIN ......... oe ..""The ecology of the biota of the equatorial 


Pacific” 


August 20 


L. Loranp, J. Motnar and C. Moos ....“Biochemical studies of relaxation in gly- 
cerinated muscle” 
F. D. Cartson and A. SIGER ........... “Creatine phosphate and adenosintriphos- 
phate breakdown in iodoacetate poisoned 
muscle” 
A. G. SzeNnt-GyOrGyI and CAROLYN 
I ik acatnindihtiies ot dae nau iercew 4.6 “Structural aspects of muscle proteins” 
T. Hayasui, R. StrRoHMAN and R. 
ND Sissi, Kan Se ieee “Myosin and actin interaction, and construc- 


tion” 


8. MEMBERS OF THE CORPORATION, 1957 


1. Lire MEMBERS 





Bropiz, Mr. Donacp M., 522 Fifth Avenue, New York 18, New York 
Catvert, Dr. Puivip P., University of Pennsylvania, Philadelphia, Pennsylvania 
Carver, Dr. Gait L., Mercer University, Macon, Georgia 

Core, Dr. Evsert C., 2 Chipman Park, Middlebury, Vermont 

Cowpry, Dr. E. V., Washington University, St. Louis, Missouri 

CRANE, Mrs. W. Murray, Woods Hole, Massachusetts 

DeEpERER, Dr. PAULINE H., Connecticut College, New London, Connecticut 
Dunaay, Dr. Nett S., Carleton College, Northfield, Minnesota 

Gocprarp, Dr. A. J., College of the City of New York, New York City, New York 
KNow ton, Dr. F. P., 1356 Westmoreland Avenue, Syracuse, New York 

Lewis, Dr. W. H., Johns Hopkins University, Baltimore, Maryland 

LowTHER, Dr. FLORENCE DEL., Barnard College, New York City, New York 
MacNaucut, Mr. Frank M., Woods Hole, Massachusetts 

MALOoNneg, Dr. E. F., 6610 North 11th Street, Philadelphia 26, Pennsylvania 
Means, Dr. J. H., 15 Chestnut Street, Boston, Massachusetts 

Moore, Dr. J. Percy, University of Pennsylvania, Philadelphia, Pennsylvania 
PayNE, Dr. FERNANDUS, Indiana University, Bloomington, Indiana 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pennsylvania 
Rices, Mr. LAwrason, 74 Trinity Place, New York 6, New York 

Scott, Dr. Ernest L., Columbia University, New York City, New York 
Turner, Dr. C. L., Northwestern University, Evanston, Illinois 

Waite, Dr. F. G., 144 Locust Street, Dover, New Hampshire 

Wa ttace, Dr. Louise B., 359 Lytton Avenue, Palo Alto, California 

Warren, Dr. Hersert S., 610 Montgomery Avenue, Bryn Mawr, Pennsylvania 
Younce, Dr. B. P., Cornell University, Ithaca, New York 
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2. REGULAR MEMBERS 


ABELL, Dr. Ricnarp G., 7 Cooper Road, New York City, New York 

Apams, Dr. A. ELizABeTH, Mount Holyoke College, South Hadley, Massachusetts 

Appison, Dr. W. H. F., 286 East Sidney Avenue, Mount Vernon, New York 

Apotpn, Dr. Epwarp F., University of Rochester, School of Medicine and Dentis- 
try, Rochester, New York 

ALBERT, Dr. ALEXANDER, Mayo Clinic, Rochester, Minnesota 

ALLEN, Dr. M. JEAN, Department of Biology, Wilson College, Chambersburg, 
Pennsylvania 

ALLEN, Dr. Rosert D., Department of Biology, Princeton University, Princeton, 
New Jersey 

AvscHer, Dr. RutH, Department of Physiology, Manhattanville College, Purchase, 
New York 

AmBERSON, Dr. WILLIAM R., Department of Physiology, University of Maryland 
School of Medicine, Baltimore, Maryland 

Anperson, Dr. J. M., Department of Zoology, Cornell University, Ithaca, New 
York 

AnpERSON, Dr. Rupert S., Medical Laboratories, Army Chemical Center, Mary- 
land (Box 632 Edgewood, Maryland) 

ANDERSON, Dr. T. F., c/o Dr. A. Lurff, Institut Pasteur, 28 Rue du Dr. Roux, 
Paris 15e, France 

ARMSTRONG, Dr. Puiip B., State University of New York College of Medicine, 
Syracuse 10, New York 

ARNOLD, Dr. WILLIAM A., Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Atwoop, Dr. KimMBa.t C., 684 Outer Drive, Oak Ridge, Tennessee 

Austin, Dr. Mary L., Wellesley College, Wellesley, Massachusetts 

Ayers, Dr. Joun C., Department of Zoology, University of Michigan, Ann Arbor, 
Michigan 

3AITSELL, Dr. Georce A., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

Baker, Dr. H. B., Zoological Laboratory, University of Pennsylvania, Philadel- 
phia, Pennsylvania 

BAL, Dr. Eric G., Department of Biological Chemistry, Harvard University Medi- 
cal School, Boston 15, Massachusetts 

3ANG, Dr. F. B., Department of Pathobiology, Johns Hopkins University School 
of Hygiene, Baltimore 5, Maryland 

3ALLARD, Dr. WILLIAM W., Dartmouth College, Hanover, New Hampshire 

Barp, Dr. Puitip, Johns Hopkins Medical School, Baltimore, Maryland 

Bartu, Dr. L. G., Department of Zoology, Columbia University, New York City, 
New York 

BarTLeTT, Dr. JAMES H., Department of Physics, University of Illinois, Urbana, 
Illinois 

Beams, Dr. HArotp W., Department of Zoology, State University of Iowa, Iowa 
City, lowa 

Beck, Dr. L. V., Department of Physiology and Pharmacology, University of 
Pittsburgh School of Medicine, Pittsburgh 13, Pennsylvania 

Beers, Dr. C. D., University of North Carolina, Chapel Hill, North Carolina 
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Beure, Dr. Evinor H., Louisiana State University, Baton Rouge, Louisiana 

BENEsCH, Dr. REINHOLD, Marine Biological Laboratory, Woods Hole, Massachu- 
setts 

BeNeEscH, Dr. Rut, Marine Biological Laboratory, Woods Hole, Massachusetts 

BENNETT, Dr. Miriam, Department of Biology, Sweet Briar College, Sweet Briar, 
Virginia 

Bera, Dr. Witt1AM E., Department of Zoology, University of California, Berkeley, 
California 

BERMAN, Mr. Mones, Sloan-Kettering Institute, 410 E. 68th Street, New York 21, 
New York 

BERNSTEIN, Dr. Maurice, Virus Laboratory, University of California, Berkeley 4, 
California 

BERNHEIMER, Dr. ALAN W., New York University College of Medicine, New 
York 16, New York 

BerTHOLF, Dr. FLoyp M., College of the Pacific, Stockton, California 

BEVELANDER, Dr. Gerrit, New York University School of Medicine, New York 
16, New York 

BiceLtow, Dr. Henry B., Museum of Comparative Zoology, Harvard University, 
Cambridge, Massachusetts 

Bisuop, Dr. Davip W., Department of Embryology, Carnegie Institution of Wash- 
ington, Baltimore 5, Maryland 

BLANCHARD, Dr. K. C., Johns Hopkins Medical School, Baltimore, Maryland 

Biocu, Dr. Rosert, c/o Biological Abstracts, 3815 Walnut Street, Philadelphia 4, 
Pennsylvania 

Bium, Dr. Harotp F., 24 Rue de Babylone, Paris VII, France 

Bopansky, Dr. Oscar, Department of Biochemistry, Memorial Cancer Center, 444 
East 68th Street, New York 21, New York 

Bop1an, Dr. Davin, Department of Epidemiology, Johns Hopkins University, 
Baltimore 5, Maryland 

Boe.i, Dr. Epcar J., Yale University, New Haven, Connecticut 

BoetticeR, Dr. Epwarp G., Department of Zoology, University of Connecticut, 
Storrs, Connecticut 

Botp, Dr. Harotp C., Department of Botany, University of Texas, Austin, Texas 

Borer, Dr. Hans, Department of Zoology, University of Pennsylvania, Philadel- 
phia, Pennsylvania 

Bowen, Dr. VAUGHAN T., Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 

BrapLey, Dr. Harovp C., 2639 Durant Avenue, Berkeley 4, California 

BRIDGMAN, Dr. ANNA J., Department of Biology, Agnes Scott College, Decatur, 
Georgia 

Bronk, Dr. DetLev W., Rockefeller Institute, 66th Street & York Avenue, New 
York 21, New York 

Brooks, Dr. Maticpa M., Department of Physiology, University of California, 
Berkeley 4, California 

Brown, Dr. Ducatp E. S., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 

Brown, Dr. FRANK A., JR., Department of Biological Sciences, Northwestern 

University, Evanston, Illinois 









REPORT OF THE DIRECTOR 31 


BROWNELL, Dr. KATHERINE A., Ohio State University, Columbus, Ohio 

Buck, Dr. Joun B., Laboratory of Physical Biology, National Institutes of Health, 
Bethesda, Maryland (10405 Muir Place, Kensington, Maryland) 

BuLitincTon, Dr. W. E., Randolph-Macon College, Ashland, Virginia 

Buttock, Dr. T. H., Department of Zoology, University of California, Los An- 
geles 24, California 

BurBANCK, Dr. WILLIAM D., Box 834, Emory University, Georgia 

Burpick, Dr. C. Lator, The Lalor Foundation, 4400 Lancaster Pike, Wilmington, 
Delaware 

BuRKENROAD, Dr. M. D., c/o Lab. Nal. de Pesca, Apartado 3318, Estofeta #1, 
Olindania, Republic of Panama 

Butter, Dr. E. G., Department of Biology, Princeton University, Princeton, New 
Jersey 

CaMERON, Dr. J. A., Baylor College of Dentistry, Dallas, Texas 

CaNnTONI, Dr. GiuLio, National Institutes of Health, Mental Health, Bethesda 14, 
Maryland 

Carson, Dr. Francis D., Department of Biophysics, Johns Hopkins University, 
Baltimore, Md. 

CARPENTER, Dr. Russe.t L., Tufts College, Medford 55, Massachusetts 

Carson, Miss RAcHEL, 204 Williamsburg Drive, Silver Spring, Maryland 

CaTTeLL, Dr. McKeen, Cornell University Medical College, 1300 York Avenue, 
New York City, New York 

CaTTELL, Mr. Ware, Cosmos Club, Washington 5, D. C. 

Cuaet, Dr. ALFRED B., Boston University School of Medicine, 80 E. Concord 
Street, Boston 18, Massachusetts 

CHAMBERS, Dr. Epwarp, Department of Physiology, University of Miami Medical 
School, Coral Gables, Florida 

Cuane, Dr. JosepH J., National Institute of Neurological Diseases and Blindness, 
National Institutes of Health, Bethesda, Maryland 

Cuase, Dr. AurIN M., Department of Biology, Princeton University, Princeton, 
New Jersey 

CueNeEy, Dr. Racpu H., Biology Department, Brooklyn College, Brooklyn 10, 
New York 

CLaFF, Mr. C. Lioyp, 5 Van Beal Road, Randolph, Massachusetts 

CLarK, Dr. A. M., Department of Biological Sciences, University of Delaware, 
Newark, Delaware 

Criark, Dr. E. R., The Wistar Institute, Woodland Avenue and 36th Street, Phila- 
delphia 4, Pennsylvania 

CLark, Dr. Leonarp B., Department of Biology, Union College, Schenectady, 
New York 

CLarkKE, Dr. Georce L., Harvard University, Biological Laboratory, Cambridge 
38, Massachusetts 

CLELAND, Dr. RALPH E., Indiana University, Bloomington, Indiana 

CLeMENT, Dr. A. C., Department of Biology, Emory University, Emory, Georgia 

Crowes, Dr. G. H. A., Eli Lilly and Company, Indianapolis, Indiana 

Cor, Dr. W. R., 183 Third Avenue, Chula Vista, California 

Cowen, Dr. Seymour S., Department of Physiological Chemistry, University of 
Pennsylvania, Philadelphia, Pennsylvania 
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Cote, Dr. KenNetTH S., National Institutes of Health (NINDB), Bethesda 14, 
Maryland 
Cottett, Dr. Mary E., 34 Weston Road, Wellesley 81, Massachusetts 
Courier, Dr. JAcK R., Department of Zoology, Louisiana State University, Baton 
Rouge, Louisiana 
Cotton, Dr. H. S., Box 601, Flagstaff, Arizona 
Co_win, Dr. ARTHUR L., Department of Biology, Queens College, Flushing, New 
York 
Cotwin, Dr. Laura H., Department of Biology, Queens College, Flushing, New 
York 
CooPERSTEIN, Dr. SHERWIN J., Department of Anatomy, Western Reserve Uni- 
versity Medical School, Cleveland, Ohio 
CopeELaANnpD, Dr. D. E., 1027 N. Manchester Street, Arlington 5, Virginia 
CoprELANnpD, Dr. MANTON, Bowdoin College, Brunswick, Maine 
Cop.ey, Dr. ALFreD L., Centre National de Transfusion Sanguine, 6, Rue Alex- 
andra-Cobonel, Paris X Ve, France 
CorNMAN, Dr. Ivor, Hazleton Laboratories, Box 333, Falls Church, Virginia 
CosTELLo, Dr. Donatp P., Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 
CosteLLo, Dr. HELEN MILLER, Department of Zoology, University of North Caro- 
lina, Chapel Hill, North Carolina 
CRANE, Mr. Joun O., Woods Hole, Massachusetts 
CROASDALE, Dr. HANNAH T., Dartmouth College, Hanover, New Hampshire 
Crouse, Dr. HeLen V., Goucher College, Baltimore, Maryland 
CrowE Lt, Dr. P. S., Jr., Department of Zoology, Indiana University, Bloomington, 
Indiana 
Csapo, Dr. ArPAD I., Rockefeller Institute for Medical Research, New York 21, 
New York 
Curtis, Dr. Maynie R., University of Miami, Box 1015, South Miami, Florida 
Curtis, Dr. W. C., University of Missouri, Columbia, Missouri 
Dan, Dr. JEAN CLarK, Misaki Biological Station, Misaki, Japan 
Dan, Dr. KatsumA, Misaki Biological Station, Misaki, Japan 
DANIELLI, Dr. JAMEs F., Department of Zoology, King’s College, London, England 
Davis, Dr. BernarD D., Department of Pharmacology, New York University Col- 
lege of Medicine, New York 16, New York 
Dawson, Dr. A. B., Harvard University, Cambridge 38, Massachusetts 
Dawson, Dr. J. A., College of the City of New York, New York City, New York 
DeEANE, Dr. HELEN W., Albert Einstein College of Medicine, New York 61, New 
York 
Ditcer, Dr. IRENE C., Institute for Cancer Research, Philadelphia, Pennsylvania 
Ditver, Dr. WiLL1AM F., 2417 Fairhill Avenue, Glenside, Pennsylvania 
Dixon, Dr. Frank J., Department of Pathology, University of Pittsburgh School 
of Medicine, Pittsburgh, Pennsylvania 
Dovps, Dr. G. S., West Virginia University School of Medicine, Morgantown, 
West Virginia 
Dotiey, Dr. WiLLIAM L., Department of Biology, Randolph-Macon College, Ash- 
land, Virginia 
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DonaLpson, Dr. JOHN C., University of Pittsburgh School of Medicine, Pitts- 
burgh, Pennsylvania 

Doty, Dr. MAxwe t S., Department of Biology, University of Hawaii, Honolulu, 
T. EE: 

DuBors, Dr. EuGene F., 200 East End Avenue, New York 28, New York 

DuryEE, Dr. WILLIAM R., George Washington University School of Medicine, 
Department of Physiology, Washington 5, D. C. 

Epps, Dr. Mac V., Jr., Department of Biology, Brown University, Providence 12, 
Rhode Island 

Epwarps, Dr. CHARLES, Wilmer 25, Johns Hopkins Hospital, Baltimore 5, Mary- 
land 

E1cHeL, Dr. BERTRAM, Bureau of Biological Research, Box 515, Rutgers Univer- 
sity, New Brunswick, New Jersey 

E1cuHet, Dr. Hersert J., Hahnemann Medical College, Philadelphia, Pennsylvania 

E:tiott, Dr. ALFrep M., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 

Evans, Dr. Titus C., State University of Iowa, Iowa City, Iowa 

Fartia, Dr. G., College of Physicians and Surgeons, Columbia University, New 
York City, New York 

FAURE-FREMIET, Dr. EMMANUEL, Collége de France, Paris, France 

Fercuson, Dr. F. P., Department of Physiology, University of Maryland Medical 
School, Baltimore 1, Maryland 

Fercuson, Dr. JAMes K. W., Connought Laboratories, University of Toronto, 
Ontario, Canada 

Ficce, Dr. F. H. J., University of Maryland Medical School, Lombard and Green 
Streets, Baltimore 1, Maryland 

FINGERMAN, Dr. Mitton, Department of Zoology, Newcomb College, Tulane Uni- 
versity, New Orleans 18, Louisiana 

FiscHer, Dr. Ernst, Department of Physiology, Medical College of Virginia, 
Richmond 19, Virginia 

FIsHER, Dr. JEANNE M., Department of Biochemistry, University of Toronto, 
Toronto, Canada 

FisHer, Dr. KENNETH C., Department of Biology, University of Toronto, Toronto, 
Canada 

Forses, Dr. ALEXANDER, Biological Laboratories, Harvard University, Cambridge 
38, Massachusetts 

FRAENKEL, Dr. Gottrriep S., Department of Entomology, University of Illinois, 
Urbana, Illinois 

FREYGANG, Dr. WALTER H., Jr., Essex Fells, New Jersey 

Fries, Dr. Ertk F. B., Box 605, Woods Hole, Massachusetts 

Friscu, Dr. Joun A., Canisius College, Buffalo, New York 

Furtu, Dr. JAcos, 18 Springdale Road, Wellesley Farms, Massachusetts 

GaBRIEL, Dr. Morpecat, Department of Biology, Brooklyn College, Brooklyn, New 
York 

GAFFRON, Dr. Hans, Research Institutes, University of Chicago, 5650 Ellis Ave- 
nue, Chicago 37, Illinois 

Gat, Dr. JosepH G., Department of Zoology, University of Minnesota, Minne- 
apolis 14, Minnesota 
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Ga.tsorF, Dr. PAuL S., Woods Hole, Massachusetts 

Gasser, Dr. HERBERT S., Rockefeller Institute, New York 21, New York 

Geiser, Dr. S. W., Southern Methodist University, Dallas, Texas 

GiLMAN, Dr. Lauren C., Department of Zoology, University of Miami, Coral 
Gables, Florida 

GINSBERG, Dr. HAROLD S., Western Reserve University School of Medicine, Cleve- 
land, Ohio 

GoopcuiLp, Dr. Cuauncey G., Department of Biology, Emory University, Emory 
University, Georgia 

GoopricH, Dr. H. B., Wesleyan University, Middletown, Connecticut 

GOTTSCHALL, Dr. GERTRUDE Y., 315 E. 68th Street, New York 21, New York 

Gou tp, Dr. H. N., Biological Sciences Information Exchange, 1113 Dupont Circle 
Building, Washington, D. C. 

GRAHAM, Dr. Herpert, U. S. Fish and Wildlife Service, Woods Hole, Massa- 
chusetts 

GRAND, Mr. C. G., Dade County Cancer Institute, 1155 N. W. 15th Street, Miami, 
Florida 

GRANT, Dr. M. P., Sarah Lawrence College, Bronxville, New York 

Gray, Dr. IrvinG E., Duke University, Durham, North Carolina 

GREEN, Dr. JAMES W., Department of Physiology, Rutgers University, New 
Brunswick, New Jersey 

GREEN, Dr. Maurice, Department of Biochemistry, University of Pennsylvania, 
Philadelphia, Pennsylvania 

GrecG, Dr. JAMes H., University of Florida, Gainesville, Florida 


Grecc, Dr. J. R., Department of Zoology, Columbia University, New York 27, 
New York 
Greir, Dr. Rocer L., Department of Physiology, Cornell University Medical Col- 


lege, New York 21, New York 

GroscH, Dr. Daniet S., Department of Zoology, North Carolina State College, 
Raleigh, North Carolina 

Gross, Dr. Paut, Department of Biology, New York University, University 
Heights, New York 53, New York 

Grunprest, Dr. Harry, Columbia University, College of Physicians and Sur- 
geons, New York City, New York 

GuUDERNATSCH, Dr. FREDERICK, 41 Fifth Avenue, New York 3, New York 

GutTurigz, Dr. Mary J., Detroit Institute for Cancer Research, 4811 John R. 
Street, Detroit 1, Michigan 

GutTMAN, Dr. Rita, Department of Physiology, Brooklyn College, Brooklyn, 
New York 

Guyer, Dr. MICHAEL F., University of Wisconsin, Madison, Wisconsin 

Hajpu, Dr. STEPHEN, U. S. Public Health Institute, Bethesda 14, Maryland 

Haut, Dr. Frank G., Duke University, Durham, North Carolina 

HAmBuRGER, Dr. Viktor, Department of Zoology, Washington University, St. 
Louis, Missouri 

Hamitton, Dr. Howarp L., Iowa State College, Ames, lowa 

Hance, Dr. Rosert T., Box 108, R. R. #3, Loveland, Ohio 

Harpinc, Dr. Ciirrorp V., JRr., 705 N. Wayne Street, Apt. 305, Arlington 1, 


Virginia 
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HarMAN, Dr. Mary T., Box 68, Camden, North Carolina 

Harn y, Dr. Morris H., Washington Square College, New York University, New 
York City, New York 

Harrison, Dr. Ross G., Yale University, New Haven, Connecticut 

Harting, Dr. H. Kerrer, Rockefeller Institute for Medical Research, New York 
21, New York 

HarTMAN, Dr. FRANK A., Hamilton Hall, Ohio State University, Columbus, Ohio 

Harvey, Dr. EtHEL Browne, 48 Cleveland Lane, Princeton, New Jersey 

Harvey, Dr. E. Newton, Guyot Hall, Princeton University, Princeton, New Jersey 

HauscuKa, Dr. T. S., Roswell Park Memorial Institute, 663 North Oak Street, 
Buffalo 3, New York 

Haxo, Dr. Francis T., Division of Marine Botany, Scripps Institute of Oceanog- 
raphy, University of California, La Jolla, California 

Havasu, Dr. Teru, Department of Zoology, Columbia University, New York 
City, New York 

HaypeNn, Dr. Marcaret A., 34 Weston Road, Wellesley 81, Massachusetts 

Haywoop, Dr. CHARLOTTE, Mount Holyoke College, South Hadley, Massachusetts 

HEILBRUNN, Dr. L. V., Department of Zoology, University of Pennsylvania, Phila- 
delphia, Pennsylvania 

HenDLEY, Dr. CHArLes D., 615 South Second Avenue, Highland Park, New Jersey 

HenLey, Dr. CATHERINE, Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 

HeNsHAW, Dr. Paut S., 17th Floor, 501 Madison Avenue, New York 22, New 
York 

Hervey, Dr. Joun P., Box 735, Woods Hole, Massachusetts 

Hess, Dr. WALTER N., Hamilton College, Clinton, New York 

Hrpparp, Dr. Hore, Department of Zoology, Oberlin College, Oberlin, Ohio 

Hitt, Dr. SAMvEL E., 135 Brunswick Road, Troy, New York 

Hrnricus, Dr. Marie, Board of Education, Bureau of Health Service, 228 North 
LaSalle Street, Chicago, Illinois 

Hisaw, Dr. F. L., Harvard University, Cambridge 38, Massachusetts 

Hoaptey, Dr. Leicu, Harvard University, Biological Laboratories, Cambridge, 
Massachusetts 

Hopce, Dr. Cuarves, IV, Department of Zoology, Temple University, Philadelphia, 
Pennsylvania 

HorrMaANn, Dr. JosepH, National Heart Institute, National Institutes of Health, 
Sethesda, Maryland 

Hocur, Dr. Mary J., University of Pennsylvania Medical School, Philadelphia, 
Pennsylvania 

HOLLAENDER, Dr. ALEXANDER, P. O. Box W, Clinton Laboratories, Oak Ridge, 
Tennessee 

Hopkins, Dr. Hoyt S., New York University College of Dentistry, New York 
City, New York 

Hunter, Dr. Francis R., University of the Andes, Calle 18-a, Carreral-E, Bogata, 
Colombia, South America 

Hurcuens, Dr. Joun O., Department of Physiology, University of Chicago, Chi- 
cago 37, Illinois 
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Hype, Dr. BEAL B., Department of Plant Sciences, University of Oklahoma, Nor- 


man, Oklahoma 
Hyman, Dr. Lispie H., American Museum of Natural History, New York City, 
New York ‘ 
IrvinG, Dr. LAurENcE, U. S. Public Health Service, Anchorage, Alaska 
IsELIn, Mr. Cotumsus O’D., Woods Hole, Massachusetts 
Jacoss, Dr. M. H., University of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania 
Jacoss, Dr. WILLIAM P., Department of Biology, Princeton University, Princeton, 
New Jersey 
Jenner, Dr. Cartes E., Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 
Jounson, Dr. FRANK H., Biology Department, Princeton University, Princeton, 
New Jersey 
Jones, Dr. E. Rurrin, JR., Department of Biology, University of Florida, Gaines- 
ville, Florida 
Kaan, Dr. HELEN W., Marine Biological Laboratory, Woods Hole, Massachusetts 
KapaT, Dr. E. A., Neurological Institute, College of Physicians and Surgeons, 
New York City, New York 
Karusu, Dr. Frep, Department of Pediatrics, University of Pennsylvania, Phila- 
delphia, Pennsylvania 
KAUFMANN, Dr. B. P., Carnegie Institution, Cold Spring Harbor, Long Island, 
New York 
Kemp, Dr. NorMan E., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 
Kempton, Dr. Rupoir T., Vassar College, Poughkeepsie, New York 
Keos1An, Dr. Joun, Department of Biology, Rutgers University, Newark 2, New 
Jersey 
KetcuuM, Dr. Bostwick, Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 
Kitve, Dr. FRANK R., Carleton College, Northfield, Minnesota 
Kinp, Dr. C. ALBert, Department of Chemistry, University of Connecticut, Storrs, 
Connecticut 
Kinprep, Dr. J. E., University of Virginia, Charlottesville, Virginia 
KincG, Dr. Joun W., Morgan State College, Baltimore 12, Maryland 
Kino, Dr. Rosert L., State University of Iowa, Iowa City, Iowa 
Kiscu, Dr. Bruno, 845 West End Avenue, New York City, New York 
KLeInHoOLz, Dr. Lewis H., Department of Biology, Reed College, Portland, Oregon 
Kxiorz, Dr. I. M., Department of Chemistry, Northwestern University, Evanston, 


Illinois 
Kotin, Dr. ALEXANDER, Department of Biophysics, California Medical School, Los 


Angeles 24, California 
Kopac, Dr. M. J., New York University, Washington Square College, New York 


City, New York 
Korr, Dr. I. M., Department of Physiology, Kirksville College of Osteopathy, 


Kirksville, Missouri 
Kraut, Dr. M. E., Department of Physiology, University of Chicago, Chicago 37, 


Illinois 
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Krauss, Dr. Ropert, Department of Botany, University of Maryland, Baltimore, 
Maryland 

Kreic, Dr. WENDELL J. S., 303 East Chicago Avenue, Chicago, Illinois 

KuFFLER, Dr. STEPHEN, Department of Ophthalmology, Johns Hopkins Hospital, 
saltimore 5, Maryland 

Kunitz, Dr. Moses, Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 

Lackey, Dr. JAMEs B., University of Florida, College of Engineering, Gainesville, 
Florida 

LANCEFIELD, Dr. D. E., Queens College, Flushing, New York 

LANCEFIELD, Dr. Respecca C., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

LANDIS, Dr. E. M., Harvard Medical School, Boston 15, Massachusetts 

Lance, Dr. Matuitpa M., Box 307, Central Valley, New York 

LANSING, Dr. ALBERT I., Department of Anatomy, University of Pittsburgh Medi- 
cal School, Pittsburgh 13, Pennsylvania 

LAUFFER, Dr. Max A., Department of Biophysics, University of Pittsburgh, Pitts- 
burgh, Pennsylvania 

Lavin, Dr. Georce I., 3714 Springdale Avenue, Baltimore, Maryland 

Lazarow, Dr. ARNOLD, Department of Anatomy, University of Minnesota, Medi- 
cal School, Minneapolis 14, Minnesota 

LEDERBERG, Dr. JosHUA, Department of Genetics, University of Wisconsin, Madi- 
son 6, Wisconsin 

Lee, Dr. RicHarp E., Cornell University College of Medicine, New York City, 
New York 

LeFevre, Dr. Paut G., Brookhaven Apartments, Upton, Long Island, New York 

LEHMANN, Dr. Fritz, Zool. Inst., University of Berne, Berne, Switzerland 

LessLeR, Dr. Mitton A., Department of Physiology, Ohio State University, Co- 
lumbus, Ohio 

Levine, Dr. RACHMIEL, Michael Rees Hospital, Chicago 16, Illinois 

Levy, Dr. Mitton, Biochemistry Department, New York University School of 
Dentistry, New York 10, New York 

Lewin, Dr. Racpu A., Marine Biological Laboratory, Woods Hole, Massachusetts 

Lewis, Dr. I. F., 1110 Rugby Road, Charlottesville, Virginia 

Linc, Dr. GitBert, Eastern Pennsylvania Psychiatric Inst., Henry Avenue and 
Abbottsford Road, Philadelphia 29, Pennsylvania 

Littie, Dr. E. P., 150 Causeway Street, Anderson Nichols & Company, Boston 24, 
Massachusetts 

Lioyp, Dr. Davin P. C., Rockefeller Institute, 66th Street & York Avenue, New 
York 21, New York 

LocHHeEab, Dr. JoHN H., Department of Zoology, University of Vermont, Burling- 
ton, Vermont 

Lorz, Dr. Leo, 40 Crestwood Drive, St. Louis 5, Missouri 

Lors, Dr. R. F., Presbyterian Hospital, 620 West 168th Street, New York 32, 
New York 

Lorw1, Dr. Orro, 155 East 93rd Street, New York City, New York 

Loranp, Dr. Laszito, Department of Chemistry, College of Liberal Arts, North- 
western University, Evanston, Illinois 
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Love, Dr. Lois H., 4233 Regent Street, Philadelphia 4, Pennsylvania 
Love, Dr. WARNER E., 1043 Marlan Drive, Baltimore, Maryland 
Lupin, Dr. Martin, Department of Pharmacology, Harvard Medical School, Bos- 
ton 15, Massachusetts 
Lyncu, Dr. Ciara J., Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 
Lyncn, Dr. RutH StockineG, Department of Botany, University of California, 
Los Angeles 24, California 
Lyncn, Dr. WittiAM, Department of Biology, St. Ambrose College, Davenport, 
lowa 
Lynn, Dr. WiLtiAM G., Department of Biology, Catholic University of America, 
Washington, D. C. 
MacDoucatt, Dr. Mary S., Mt. Vernon Apartments, 423 Clairmont Avenue, 
Decatur, Georgia 
McCoucn, Dr. MARGARET SUMWALT, University of Pennsylvania Medical School, 
Philadelphia, Pennsylvania 
McDona .p, SIsTtER ELIzABETH SETON, Department of Biology, College of Mt. St. 
Joseph, Mt. St. Joseph, Ohio 
McDonatp, Dr. Marcaret H., Carnegie Institution of Washington, Cold Spring 
Harbor, Long Island, New York 
McE roy, Dr. Wittiam D., Department of Biology, Johns Hopkins University, 
Baltimore 18, Maryland 
Maas, Dr. WERNER K., New York University College of Medicine, New York 
City, New York 
MAcK LIN, Dr. CHARLEs C., 37 Gerard Street, London, Ontario, Canada 
Macruper, Dr. SAMUEL R., Department of Anatomy, Tufts Medical School, 136 
Harrison Avenue, Boston, Massachusetts 
MANWELL, Dr. REGINALD D., Syracuse University, Syracuse, New York 
MarsHak, Dr. ALFRED, Marine Biological Laboratory, Woods Hole, Massachu- 
setts 
MarsLAND, Dr. Douctas A., New York University, Washington Square College, 
New York City, New York 
Martin, Dr. Eart A., Department of Biology, Brooklyn College, Brooklyn, New 
York 
Matuews, Dr. A. P., Glenwood Boulevard, Schenectady, New York 
Matuews, Dr. SAMUEL A., Thompson Biological Laboratory, Williams College, 
Williamstown, Massachusetts 
Mavor, Dr. JAMes W., 8 Gracewood Park, Cambridge 58, Massachusetts 
Mazia, Dr. Dante, Department of Zoology, University of California, Berkeley 4, 
California 
Mepes, Dr. Grace, Lankenau Research Institute, Philadelphia, Pennsylvania 
Meics, Mrs. E. B., 1736 M Street, N. W., Washington, D. C. 
Mernxortu, Dr. NorMAN A., Department of Biology, Swarthmore College, Swarth- 
more, Pennsylvania 
MEMHARD, Mp. A. R., Riverside, Connecticut 
MENKIN, Dr. Vay, Agnes Barr Chase Foundation for Cancer Research, Temple 
University Medical School, Philadelphia, Pennsylvania 
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Merz, Dr. C. B., Oceanographic Institute, Florida State University, Tallahassee, 
Florida 

Metz, Dr. CHarLes W., University of Pennsylvania, Philadelphia, Pennsylvania 

MippLesrook, Dr. Ropert, Institute for Muscle Research, Marine Biological Lab- 
oratory, Woods Hole, Massachusetts 

Mitter, Dr. J. A., Basic Science Building, Emory University, Georgia 

Mitne, Dr. Lorus J., Department of Zoology, University of New Hampshire, 
Durham, New Hampshire 

Mor, Mr. Henry A., Secretary General, Guggenheim Memorial Foundation, 551 
Fifth Avenue, New York 17, New York 

Monroy, Dr. ALBERTO, Institute of Comparative Anatomy, University of Palermo, 
Italy 

Moore, Dr. Georce M., Department of Zoology, University of New Hampshire, 
Durham, New Hampshire 

Moore, Dr. Joun W., Laboratory of Biophysics, NINDB, National Institutes of 
Health, Besthesda 14, Maryland 

Mout, Dr. E. T., Department of Botany, Rutgers University, New Brunswick, 
New Jersey 

Mountain, Mrs. J. D., 9 Coolidge Avenue, White Plains, New York 

Mutter, Dr. H. J., Department of Zoology, Indiana University, Bloomington, 
Indiana 

Muitins, Dr. Lorin J., Biophysical Laboratory, Purdue University, Lafayette, 
Indiana 

MussaccniA, Dr. XAvieR J., Department of Biology, St. Louis University, St. 
Louis 4, Missouri 

Naprit, Dr. S. M., President, Texas Southern University, 3201 Wheeler Avenue, 
Houston 4, Texas 

Nace, Dr. Paut Fotry, Department of Biology, Hamilton College, McMaster 
University, Hamilton, Ontario 

NacHMANSOHN, Dr. Davip, Columbia University, College of Physicians and Sur- 
geons, New York City, New York 

NAvEz, Dr. ALBERT E., 206 Churchill’s Lane, Milton 86, Massachusetts 

Netson, Dr. LEONARD, Department of Anatomy, University of Chicago, Chicago, 
Illinois 

NeuratH, Dr. H., Department of Biochemistry, University of Washington, Seattle 
5, Washington 

Newman, Dr. H. H., 173 Devon Drive, Clearwater, Florida 

Nicott, Dr. Paut A., Indiana Contract, Box K, A. P. O. 474, San Francisco, 
California 

Niu, Dr. Man-Cutanc, Rockefeller Institute for Medical Research, New York 
21, New York 

Ocuoa, Dr. SEvERO, New York University College of Medicine, New York 16, 
New York 

Opum, Dr. Eucenr, Department of Zoology, University of Georgia, Athens, 
Georgia 

OPPENHEIMER, Dr. JANE M., Department of Biology, Bryn Mawr College, Bryn 
Mawr, Pennsylvania 














40 MARINE BIOLOGICAL LABORATORY 


Oster, Dr. Rosert H., University of Maryland, School of Medicine, Baltimore 1, 
Maryland 
OsterHouT, Dr. W. J. V., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 
OstTERHOUT, Mrs. Marion [rwin, Rockefeller Institute, 66th Street and York 
Avenue, New York 21, New York 
PACKARD, Dr. CHARLES, Woods Hole, Massachusetts 
Pace, Dr. IrvINE H., Cleveland Clinic, Cleveland, Ohio 
PARMENTER, Dr. CHarces L., Department of Zoology, University of Pennsylvania, 
Philadelphia, Pennsylvania 
PARPART, Dr. ARTHUR K., Department of Biology, Princeton University, Prince- 
ton, New Jersey 
PassAno, Dr. Leonarp M., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 
PaTTEN, Dr. Braptey M., University of Michigan School of Medicine, Ann Arbor, 
Michigan 
PERKINS, Dr. JOHN F., JR., Department of Physiology, University of Chicago, 
Chicago 37, Illinois 
Pettibone, Dr. Marian H., Department of Zoology, University of New Hamp- 
shire, Durham, New Hampshire 
Puivcpott, Mr. DeLBert E., 496 Palmer Avenue, Falmouth, Massachusetts 
Pick, Dr. JosepH, Department of Anatomy, New York University-Bellevue Medi- 
cal Center, New York City, New York 
Pierce, Dr. MADELENE E., Vassar College, Poughkeepsie, New York 
ProucH, Dr. Harotp H., Amherst College, Amherst, Massachusetts 
PotuisterR, Dr. A. W., Columbia University, New York City, New York 
Ponp, Dr. SAMUEL E., 53 Alexander Street, Manchester, Connecticut 
Pratt, Dr. FrepericK H., 105 Hundreds Road, Wellesley Hills 82, Massachusetts 
Proctor, Dr. NATHANIEL, Department of Biology, Morgan State College, Balti- 
more 12, Maryland 
Prosser, Dr. C. Lapp, 401 Natural History Building, University of Illinois, Ur- 
bana, Illinois 
Provasoui, Dr. Luici, Department of Biology, Haskins Laboratories, 305 E. 43rd 
Street, New York 17, New York 
QuasTEL, Dr. Jupa H., Department of Biochemistry, McGill University, Montreal, 
Canada 
Ramsey, Dr. Rosert W., Medical College of Virginia, Richmond, Virginia 
RaAnp, Dr. HERBert W., 7 Siders Pond Road, Falmouth, Massachusetts 
RANKIN, Dr. Joun S., Department of Zoology, University of Connecticut, Storrs, 
Connecticut 
RATNER, Dr. SARAH, Public Health Research Institute of the City of New York, 
Foot East 15th Street, New York 9, New York 
Ray, Dr. CHar es, JR., Department of Biology, Emory University, Emory, Georgia 
Reap, Dr. CLark P., Johns Hopkins University, Baltimore, Maryland 
Resuun, Dr. Lionet I., Department of Anatomy, University of Illinois, College 
of Medicine, Chicago, Illinois 
RECHNAGEL, Dr. R. O., Department of Physiology, Western Reserve University, 
Cleveland, Ohio 
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REDFIELD, Dr. ALFRED C., Woods Hole, Massachusetts 

Rerner, Dr. J. M., Columbia-Presbyterian Medical Center, 622 W. 168th Street, 
New York 32, New York. 

Renn, Dr. Cuarces E., 509 Ames Hall, Johns Hopkins University, Baltimore 18, 
Maryland 

RezNIkOFF, Dr. Paut, Cornell University Medical College, 1300 York Avenue, 
New York City, New York 

Rice, Dr. E. L., 2241 Seneca Avenue, Alliance, Ohio 

Ricwarps, Dr. A., 2950E Mabel Street, Tucson, Arizona 

RicHarps, Dr. A. GLENN, Entomology Department, University Farm, University 
of Minnesota, St. Paul, Minnesota 

RicnHarps, Dr. Oscar W., American Optical Company, Research Center, South- 
bridge, Massachusetts 

Rreser, Dr. Peter, Marine Biological Laboratory, Woods Hole, Massachusetts 

RocksTEIN, Dr. Morris, Department of Physiology, New York University, College 
of Medicine, New York 16, New York 

Rocick, Dr. Mary D., College of New Rochelle, New Rochelle, New York 

Romer, Dr. AtFrep S., Harvard University, Museum of Comparative Zoology, 
Cambridge, Massachusetts 

Ronkin, Dr. RapHaet R., Department of Physiology, University of Delaware, 
Newark, Delaware 

Root, Dr. R. W., Department of Biology, College of the City of New York, New 
York City, New York 

Root, Dr. W. S., Columbia University, College of Physicians and Surgeons, De- 
partment of Physiology, New York City, New York 

Rose, Dr. S. Meryt, Department of Zooiogy, University of Illinois, Champaign, 
Tilinois 

ROSENTHAL, Dr. THEoporE B., Department of Anatomy, University of Pittsburgh 
Medical School, Pittsburgh 13, Pennsylvania 

Rosst, Dr. HARotp H., Department of Radiology, Columbia University, New York 
32, New York 

Roti, Dr. Jay S., Department of Biochemistry, Hahnemann Medical College, 
Philadelphia 2, Pennsylvania 

ROTHENBERG, Dr. M. A., Chief, Chemical Laboratories, Dugway Proving Ground, 
Dugway, Utah 

Rucu, Dr. Roserts, Radiological Research Laboratory, College of Physicians and 
Surgeons, New York City, New York 

RunNNstrOM, Dr. JouNn, Wenner-Grens Institute, Stockholm, Sweden 

RutMaNn, Dr. Rosert J., Department of Zoology, University of Pennsylvania, 
Philadelphia, Pennsylvania 

RytHer, Dr. Joun H., Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 

SANDEEN, Dr. Muriet I., Department of Zoology, Duke University, Durham, 
North Carolina 

SAUNDERS, Mr. LAwrENcE, R. D. 7, Bryn Mawr, Pennsylvania 

SCHAEFFER, Dr. Asa A., Department of Biology, Temple University, Philadelphia, 
Pennsylvania 
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ScHARRER, Dr. Ernst A., Albert Einstein College of Medicine, 1710 Newport 
Avenue, New York 61, New York 

SCHECHTER, Dr. Victor, College of the City of New York, New York City, New 
York E 

SCHLESINGER, Dr. R. WALTER, Department of Microbiology, St. Louis University 
School of Medicine, 1402 South Grand Boulevard, St. Louis 4, Missouri 

ScuMipt, Dr. L. H., Christ Hospital, Cincinnati, Ohio 

ScuMitTtT, Dr. Francis O., Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 

Scumitt, Dr. O. H., Department of Physics, University of Minnesota, Minne- 
apolis 14, Minnesota 

SCHNEIDERMAN, Dr. Howarp A., Department of Zoology, Cornell University, 
Ithaca, New York 

ScCHOLANDER, Dr. P. F., Institute of Zoophysiology, University of Oslo, Oslo, 


Norway 
ScnoTttTE, Dr. Oscar E., Department of Biology, Amherst College, Amherst, 
Massachusetts 


ScHRADER, Dr. FRANZ, Department of Zoology, Columbia University, New York 
City, New York 

Scuraper, Dr. SALty HuGues, Department of Zoology, Columbia University, New 
York City, New York 

ScHraMM, Dr. J. R., Department of Botany, Indiana University, Bloomington, 
Indiana 

Scott, Dr. ALLAN C., Colby College, Waterville, Maine 

Scott, Dr. D. B. McNair, Department of Biochemistry, University of Pennsyl- 
vania Hospital, Philadelphia, Pennsylvania 

Scott, Sister FLorENcE Marie, Seton Hill College, Greensburg, Pennsylvania 

Scott, Dr. Georce T., Oberlin College, Oberlin, Ohio 

Sears, Dr. Mary, Woods Hole Oceanographic Institution, Woods Hole, Massa- 
chusetts 

SEVERINGHAUS, Dr. Aura E., Department of Anatomy, College of Physicians and 
Surgeons, New York City, New York 

SHANES, Dr. ABRAHAM M., Experimental Biology and Medicine Institute, National 
Institutes of Health, Bethesda 14, Maryland 

SuHapiro, Dr. Hersert, 5800 North Camac Street, Philadelphia 41, Pennsylvania 

SHAverR, Dr. JoHN R., Department of Zoology, Michigan State University, East 
Lansing, Michigan 

SHEDLOvSKy, Dr. THEODORE, Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

Sicuet, Dr. FerpInanp J. M., University of Vermont, Burlington, Vermont 

SicHeEL, Mrs. F. J. M., 35 Henderson Terrace, Burlington, Vermont 

Sirva, Dr. Paut, Department of Botany, University of Illinois, Urbana, Illinois 

SuiFer, Dr. ELEANOR H., Department of Zoology, State University of Iowa, Iowa 
City, Iowa 

SmituH, Dr. Dierricu C., Department of Physiology, University of Maryland 
School of Medicine, Baltimore, Maryland 

SmitH, Dr. Epwarp H., Woods Hole Oceanographic Institution, Woods Hole, 

Massachusetts 
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SmitH, Mr. Homer P., General Manager, Marine Biological Laboratory, Woods 
Hole, Massachusetts 

SmitH, Mr. Paut Ferris, Marine Biological Laboratory, Woods Hole, Massa- 
chusetts 

SmitH, Dr. Racpu I., Department of Zoology, University of California, Berkeley 
4, California 

SoNNEBORN, Dr. T. M., Department of Zoology, Indiana University, Bloomington, 
Indiana 

SONNENBLICK, Dr. B. P., 40 Rector Street, Newark 3, New Jersey 

SpemDeL, Dr. Cart C., University of Virginia, University, Virginia 

Sp1eGeL, Dr. Metvin, Department of Biology, Colby College, Waterville, Maine 

Spratt, Dr. Netson T., Department of Zoology, University of Minnesota, Minne- 
apolis 14, Minnesota 

Starr, Dr. RicHarp C., Department of Botany, Indiana University, Bloomington, 
Indiana 

STEINBACH, Dr. HENry Burr, Department of Zoology, University of Chicago, 
Chicago 15, Illinois 

STEINBERG, Dr. MAtco_M S., Department of Embryology, Carnegie Institution of 
Washington, Baltimore 5, Maryland 

STEPHENS, Dr. Grover C., Department of Zoology, University of Minnesota, Min- 
neapolis 14, Minnesota 

STEWART, Dr. Dorotuy, Rockford College, Rockford, Illinois 

StoxEy, Dr. Atma G., Department of Botany, Mount Holyoke College, South 
Hadley, Massachusetts 

Straus, Dr. W. L., Jr., Johns Hopkins University, Baltimore 18, Maryland 

STUNKARD, Dr. Horace W., American Museum of Natural History, New York 24, 
New York 

STURTEVANT, Dr. Atrrep H., California Institute of Technology, Pasadena 4, 
California 

Sutkin, Dr. S. Epwarp, Department of Bacteriology, University of Texas, South- 
western Medical School, Dallas, Texas 

Swope, Mr. Gerarp, JR., 570 Lexington Avenue, New York 22, New York 

Szent-GyOrcy1, Dr. ALBERT, Marine Biological Laboratory, Woods Hole, Massa- 
chusetts 

Szent-GyOrey1, Dr. ANDREW G., Marine Biological Laboratory, Woods Hole, 
Massachusetts 

TasakI, Dr. Icu1y1, Laboratory of Neurophysiology, National Institute of Neuro- 
logical Diseases and Blindness, Bethesda 14, Maryland 

Tasuiro, Dr. Suro, University of Cincinnati Medical College, Cincinnati, Ohio 

Taytor, Dr. Rogert E., Laboratory of Neurophysiology, National Institute of 
Neurological Diseases and Blindness, Bethesda 14, Maryland 

TayLor, Dr. WM. RaNnpoLpH, Department of Botany, University of Michigan, 
Ann Arbor, Michigan 

TeWInkeEL, Dr. Lots E., Department of Zoology, Smith College, Northampton, 
Massachusetts 

Tracy, Dr. Henry C., P. O. Box 54, Oxford, Mississippi 

Tracer, Dr. WiLL1aAM, Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 
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Trinkaus, Dr. J. Puitip, Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 
Trott, Dr. WALTER, Department of Internal Medicine, New York University 
College of Medicine, New York City, New York 
TWEEDELL, Dr. Kenyon S., Department of Zoology, University of Maine, Orono, 
Maine 
Tyver, Dr. ALBERT, California Institute of Technology, Pasadena 4, California 
UnLENHUTH, Dr. Epwarp, University of Maryland School of Medicine, Baltimore, 
Maryland 
Uretz, Dr. Rosert B., Department of Biophysics, University of Chicago, Chicago, 
Illinois 
DEVILLAFRANCA, Dr. Georce W., Department of Zoology, Smith College, North- 
ampton, Massachusetts 
VILLEE, Dr. CLAupE A., Harvard Medical School, Boston 15, Massachusetts 
Vincent, Dr. WALTER S., Department of Anatomy, State University of New York 
School of Medicine, Syracuse 10, New York 
Warnio, Dr. W. W., Bureau of Biological Research, Rutgers University, New 
Brunswick, New Jersey 
Wap, Dr. Georce, Biological Laboratory, Harvard University, Cambridge 38, 
Massachusetts 
Warner, Dr. Rosert C., Department of Chemistry, New York University College 
of Medicine, New York 16, New York 
WATERMAN, Dr. T. H., Osborn Zoological Laboratory, Yale University, New 
Haven, Connecticut 
Wess, Dr. Marcuerite, Department of Physiology and Bacteriology, Goucher 
College, Towson, Maryland 
Weiss, Dr. Paut A., Laboratory of Developmental Biology, Rockefeller Institute, 
New York 21, New York 
Wenricu, Dr. D. H., University of Pennsylvania, Philadelphia, Pennsylvania 
Wuepon, Dr. A. D., 21 Lawncrest, Danbury, Connecticut 
WHITAKER, Dr. Douctas M., Rockefeller Institute for Medical Research, New 
York 21, New York 
Wuite, Dr. E. Grace, Wilson College, Chambersburg, Pennsylvania 
Wuitinc, Dr. ANNA R., University of Pennsylvania, Philadelphia, Pennsylvania 
Wuitinec, Dr. Puineas W., Zoological Laboratory, University of Pennsylvania, 
Philadelphia, Pennsylvania 
WicKeERSsHAM, Mr. JAmes H., 530 Fifth Avenue, New York 36, New York 
WICHTERMAN, Dr. Racpu, Biology Department, Temple University, Philadelphia, 
Pennsylvania 
WiemaN, Dr. H. L., Box 485, Falmouth, Massachusetts 
WrercinskI, Dr. Fioyp J., Department of Physiology, Hahnemann Medical Col- 
lege, Philadelphia, Pennsylvania 
Wiser, Dr. C. G., Medical Laboratories, Applied Physiology Branch, Army Chem- 
ical Center, Maryland 
Wiuier, Dr. B. H., Department of Biology, Johns Hopkins University, Baltimore, 


Maryland 
Witson, Dr. J. W., Brown University, Providence 12, Rhode Island 
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Witson, Dr. WALTER L., Department of Physiology, University of Vermont Col- 
lege of Medicine, Burlington, Vermont 
Wirtscui, Dr. Emir, Department of Zoology, State University of Iowa, Iowa City, 


Iowa 

Wo r, Dr. Ernst, Pendleton Hall, Wellesley College, Wellesley, Massachusetts 

Woopwarp, Dr. ArTHUR A., Army Chemical Center, Maryland (Applied Physiol- 
ogy Branch, Army Chemical Corps, Medical Laboratory) 

Wricut, Dr. Paut A., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 

Wrincu, Dr. DorotHy, Department of Physics, Smith College, Northampton, 
Massachusetts 

YnteMA, Dr. C. L., Department of Anatomy, State University of New York Col- 


lege of Medicine, Syracuse 10, New York 
Younc, Dr. D. B., Main Street, North Hanover, Massachusetts 


ZINN, Dr. Donatp J., Department of Zoology, University of Rhode Island, Kings- 


ton, Rhode Island 


ZiRKLE, Dr. RayMonp E., Department of Radiobiology, University of Chicago, 


Chicago 37, Illinois 


ZorzoLi, Dr. Anita, Department of Physiology, Vassar College, Poughkeepsie, 


New York 


ZweEIFACH, Dr. BENJAMIN, New York University-Bellevue Medical Center, New 


York City, New York 


ZwWILLING, Dr. E., Department of Genetics, University of Connecticut, Storrs, 


Connecticut 


3. ASSOCIATE MEMBERS 


AvcpricH, Miss AMy OwEN 


AtTon, Dr. AND Mrs. BENJAMIN H. 


ARMSTRONG, Dr. AND Mrs. P. B. 
Bacon, Mrs. RoBERT 

Barpour, Mr. Lucius 

Bars, Mr. Rosert P. 

Bartow, Mr. anp Mrs. CLARENCE 
Bartow, Mrs. Francis D. 
Bartow, Mr. AND Mrs. PHILIP 
BELL, Mrs. ARTHUR 

BrapLey, Mr. ALBERT L. 

BRADLEY, Mrs. CHARLES CRANE 
Brown, Mrs. THORNTON 
BURLINGAME, Mrs. F. A. 

Canoon, Mrs. SAMUEL 

CaLkins, Mr. G. NATHAN, JR. 
CaLkins, Mrs. Gary N. 
CaRLETON, Mrs. WINSLOW 

CLaFF, Mr. AND Mrs. C. Lioyp 
CLark, Dr. AND Mrs. ALFRED HULL 
CrarK, Mrs. Leroy 


CLARK, Mr. W. Van ALAN 
CLowes, Mr. ALLEN W. 
Crowes, Mrs. G. H. A. 
CLowes, Dr. AND Mrs. GEorcE, JR. 
Cotton, Mr. H. SEyMour 
CrANE, Miss Louise 

CRANE, Mrs. W. Carey 
CRANE, Mrs. W. Murray 
CROWELL, Mr. PRINCE S. 
Curtis, Dr. W. D. 

DANIELS, Mr. AND Mrs. F. HAroLp 
Day, Mr. AND Mrs. POMEROY 
Draper, Mrs. Mary C. 
DreYER, Mrs. FRANK 
ExcsmitTH, Mrs. DorotHy 
ENpeErS, Mr. FREDERICK 
Ewinc, Mr. FREDERICK 
Fasey, Mrs. PAULINE M. 
Fay, Mrs. Bruce CRANE 
Francis, Mr. Lewis, JR. 
Frost, Mrs. EuGENIA 
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GALTSOFF, Mrs. EUGENIA 
Girrorp, Mr. AND Mrs. JOHN A. 
GILDEA, Dr. AND Mrs, E. F. 

GREEN, Miss GLapys W. 

HAMLEN, Mr. J. MONROE 

HARRELL, Mr. AND Mrs. Joe. E. 
HARRINGTON, Mr. AND Mrs. A. W. 
HARRINGTON, Mr. Ropert D. 
HIRSCHFELD, Mrs. NATHAN 
Houston, Mr. AND Mrs. HowArp E. 
Jewett, Mrs. Georce F. 

KeitrH, Mr. AND Mrs. Harotp C. 
KinG, Mr. FRANKLIN 

Ko.Lver, Mrs. Lewis 

LLEMANN, Mrs. SOLEN B. 

Loss, Mrs. JOHN 

LuRDON, Mr. W. R. 

McKe toy, Mr. JOHN 

Marvin, Mrs. WALTER T. 

Mast, Mrs. S. O. 

Meics, Mrs. Epwarp B. 

Meics, Dr. AND Mrs. J. WISTER 
MiTcHe.i, Mrs. JAMEs McC. 
MIXTER, Mrs. JASON 

Mosser, Mrs. FLORENCE M. 
Morttey, Mrs. THOMAS 
Newton, Miss HELEN K. 


V. 





currently received titles to 1635. 
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NIcHOLS, Mrs. GEORGE 
Nims, Mrs. E. D. 
PACKARD, Dr. AND Mrs. CHARLES 
PACKARD, Mrs. LAURENCE B. 
Park, Mr. MAtcorm S. 
PENNINGTON, Miss ANNE H. 
REDFIELD, Mrs. ALFRED 
REZNIKOFF, Dr. PAUL 

Riccs, Mrs. LAwWRASON 

Rivinus, Mr. AND Mrs. F. MARKOE 
Root, Mrs. WALTER 

ROZENDOAL, Mr. H. M. 

Rupp, Mrs. H. W. Dwicut 
Sanps, Miss ADELAIDE G. 
SAUNDERS, Mrs. LAWRENCE 
SHIVERICK, Mrs. MAry 

STONE, Mr. AND Mrs. S. M. 
Swirt, Mr. AND Mrs. E. Kent 
Swope, Mr. AND Mrs. GERARD, JR. 
Swope, Miss Henrietta H. 
TiLNeEy, Mrs. ALBERT A. 
TOMPKINS, Mr. AND Mrs. B. A. 
WesstTER, Mrs. EpwiIn S. 
WHITELy, Miss Maset W. 


WICKERSHAM, MR. AND Mrs. JAMEs H. 


WILLIsToN, Miss EmILy 
WoLFINSOHN, Mrs. WOLFE 






In 1957, seventy-six new journals were acquired, bringing the total number of 
Of these titles, there were 490 (15 new) Marine 
Biological Laboratory subscriptions; 617 (14 new) exchanges and 192 (21 new) 
gifts; 90 (9 new) were Woods Hole Oceanographic Institution subscriptions; 191 
(7 new) were exchanges and 55 (10 new) were gifts. 
we averaged 60 new journals per year. 


being issued far exceeds the number which cease publication. 


The Laboratory purchased 151 books, received 61 complimentary copies (4 


from authors and 57 from publishers), and accepted 13 miscellaneous gifts. 


Institution purchased 39 titles and received 10 gifts. 


accessioned amounted to 274. 





During the past ten years, 
The ever growing number of new journals 


The total number of books 





By purchase and by gift the Laboratory completed 13 journal sets and partially 
completed 19. The Institution completed 4 sets and partially completed 3. There 
were 3920 reprints added to the collection, of which 2055 were of current issue. 

At the close of the year, the Library contained 67,961 bound volumes and 


206,125 reprints. 
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The Library sent out on inter-library loan 243 volumes and borrowed 115 for 
the convenience of the scientists. It is hoped that a copying machine may be pur- 
chased in the near future so that short papers may be reproduced for out-of-town 
loans, thus eliminating some of the depreciation on our volumes. A process such 
as this could also be utilized for summer service. 

Reprint collections were received from the estate of Dr. Arthur Weysse and 
from the University of Pittsburgh; many books, journal numbers and papers were 
received from Drs. Ethel B. Harvey, C. Ladd Prosser, Rufus R. Humphrey, Phineas 
W. Whiting, Paul S. Galtsoff, Ralph Wichterman, and the Tompkins-McCaw 
Library, Medical College of Virginia. Dr. Alfred W. Senft kindly donated back 
volumes and a current subscription to the “New England Journal of Medicine.” 
Grateful acknowledgment is herewith extended to the donors of these very accept- 
able presentations. 

With a larger sum available for the purchase of books, and with the many sug- 
gestions so willingly submitted by the Library Advisory Committee, we were in 
a position in 1957 to add many new titles to the shelves. An increase in the binding 
budget also enabled us to have bound 275 back volumes, bringing the total to 1110 
for the year. This same degree of progress is anticipated in 1958. 


Respectfully submitted, 


DesorAH L. HarRLow, 
Librarian 


VI. REPORT OF THE TREASURER 


The market value of both the General Fund and the Library at December 31, 
1957, amounted to $1,461,278 as compared with the total of $1,472,265 as of 
December 31, 1956. The average yield on the securities was 3.84% of market 
value and 5.60% of book value. The total uninvested principal cash in the above 
accounts as of December 31, 1957, was $2,248. Classification of the securities 
held in the Endowment Funds appears in the auditor’s report. 

The market value of the pooled securities as of December 31, 1957, was 
$247,629 with uninvested principal cash of $102. The book value of the securities 
in this account was $236,735. The average yield on market value was 3.88% and 
4.06% of book value. 

The proportionate interest in the Pooled Fund account of the various Funds 
as of December 31, 1957, is as follows: 


Pension Fund 17.608 % 
General Laboratory Investment ................... 57.866 
Other : 


Bio Club Scholarship Fund 

Rev. Arsenious Boyer Scholarship Fund 
Gary N. Calkins Fund 

Allen R. Memhard Fund 

F. R. Lillie Memorial Fund 
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NE Ne BRO is. 65 osc eos eRe ek 7.054 
A ES OS a LO Seer 1.194 
M. H. Jacobs Scholarship Fund ................ 850 
DTT er ere eee .626 
Pe BTC Cee TTT Terrier eT 2.229 


The Pooled Fund includes the Jewett Memorial Fund and an anonymous Gift 
Fund which were additions during 1957. The Jewett Memorial Fund was created 
by gifts in memory of the late George Frederick Jewett. Mr. Jewett as well as his 
father and mother and the other members of his family have been keenly interested 
in the Laboratory since its inception. It has not yet been determined how the 
Jewett Fund and the fund created by the anonymous gift will be used, but the views 
of the Jewett family and the donor of the latter fund will be given first consideration, 

Considerable activity was recorded in the special custodian account owing to 
the purchase of short-term Government bonds to activate available cash which 
would otherwise remain idle in our regular cash accounts pending payment of 
construction expenses. Income earned was $646.40. 

Inasmuch as the MBL Club loan was reduced to $2,052, the securities pledge 
to cover this loan was reduced to $3,000. 

Donations from MBL Associates for 1957 were $3,481 as compared with $5,255 
in 1956. Unrestricted gifts from foundations, societies and companies amounted 
to $33,000. 

For the rehabilitation of the Crane Building, the National Science Foundation 
advanced $415,000 in 1957. Construction began in September and is scheduled 
for completion in May of 1958. 

In April of 1957 we paid off the David House Mortgage in the amount of $5,000. 

Lynbrand, Ross Bros. & Montgomery have examined our books and submitted 
financial statements for examination. 

Following is a statement of the auditors. 


To the Trustees of the Marine Biological Laboratory, Woods Hole, Massachusetts: 


We have examined the balance sheets of Marine Biological Laboratory as at 
December 31, 1957, the related statements of operating expenditures and income 
for the year then ended, and statement of current fund for the year ended December 
31, 1957. Our examination was made in accordance with generally accepted audit- 
ing standards, and accordingly included such tests of the accounting records and 
such other auditing procedures as we considered necessary in the circumstances. 

In our opinion, the accompanying financial statements present fairly the assets, 
liabilities and funds of Marine Biological Laboratory at December 31, 1957, and 
the expenditures and income for the year then ended. 


LYBRAND, Ross Bros. & MONTGOMERY 


Boston, Massachusetts 
May 22, 1958 


James H. WICKERSHAM, 
Treasurer 
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MARINE BIOLOGICAL LABORATORY 
BALANCE SHEET 


December 31, 1957 





Investments 
Investments held by Trustee: 

Securities, at cost (approximate market quotation $1,461,278) ................ $1,002,682 
aka a Wiaiin wena op n ars bah hd IE wed dO a bo caw vaaw ee eneoners@adie 2,248 
1,004,930 

Investments of other endowment and unrestricted funds: 
Pooled Investments, at cost (approximate market quotation $247,629) ......... 236,735 
Less temporary investment of current fund cash ..............02eee cece eeeeees 5,728 
231,007 

nies mI: SEU UI, 5, 7c. op marr vel ica iota rae Pliers 67 ,323 

ic a hse Br ince ms Rca ab acdc Ne big ics acco adel tlk ite scans dace 11,263 

NE I a snr en Grasse ataace mack eae loc boa ww ir acer a ace ba 5,038 

314,631 

Plant Assets 
Land, buildings, library and equipment (Note B) ................ cee cece eee ee ceees 2,517,845 
eae Sere er ID CRUE TED ia 5 0s hiss d occ ccd vcd dts seca nsoeron 1,026,681 
1,491,164 
UDINE CMO 51 cat ics aegcnede ipl tsa atonal aan od oamaa a eoee Wea 103,856 
Nae ick ee hac dala ada ons piu een te ang ii se ne gk res 34,560 
| U. S. Treasury bills, due 1/30/58, at cost (face value $350,000) ................... 346,815 
1,976,395 

Current Assets 
rh a I a a 142,160 

U. S. Treasury bills, at cost: 

OE I a cine willed ie hous Amma aelaaawe 6 39,649 
Temporary trvesteent in pooled securities ..... 2.6.0. ccccccccccccccccccesdsscascoes 5,728 
Accounts receivable (U. S. Government $19,605) ............ ccc ccc cece cec cece 36,274 
en er NN OUND NN ono os 5c ecko cb ctewasesncdewsateeckaeneanawe 57,282 
Se Sas ei bgp a BEGG Wie BEDE Aa cae 13,531 

$3,590,580 

Notes : 


A—tThe Laboratory has guaranteed a note of approximately $2,400 of the M.B.L. Club 
and has pledged as security therefor bonds with an original cost of $3,000 included 
in other investments. 


B—The Laboratory has since January 1, 1916, provided for reduction of book amounts 
of plant assets and funds invested in plant at annual rates ranging from 1% to 5% 
of the original cost of the assets. 
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BALANCE SHEET 


December 31, 1957 







Endowment Funds 






Endowment funds given in trust for benefit of the Marine Biological Laboratory .. $1,004,930 






Endowment funds for awards and scholarships: 












NED dndeces decetinwe s. - ee Se et a ee $ 64,415 
Unexpended income ....... ; cae i eee pace 2,428 66,843 





Unrestricted funds functioning as endowment aia eh ae ee ee 206,378 
PN 6 oni a cal anich tun tascolbidone _ stale & tales welch ar nee aos ee 46,233 
Pooled investments—accumulated gain or (loss) taltank ne sibalettslet UK Se aera (4,823 


















314,631 


Plant Liability and Funds 









Funds expended for plant, less retirements .... a i Ei laa + oe 
1,026,681 1,524,788 







Less allewance for depreciation charged thereto 





Unexpended plant funds ....... ere Side etom aie wii ema 381,375 








1,906,163 


70,232 






Accounts payable .......... 


1,976,395 







Current Liabilities and Funds 






Accounts payable ............. Bieta 43,409 
Unexpended balances of gifts for designated purposes 8,744 
Advance payments on research contracts ee pe ne 94,217 
Current fund oF Oe ee e4 ale See es 148,254 





$3,590,580 
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MARINE BIOLOGICAL LABORATORY 


STATEMENT OF OPERATING EXPENDITURES AND INCOME 


Year Ended December 31, 1957 


Operating Expenditures 


Direct expenditures of departments : 
Research and accessory services 
Instruction 
Library, including book purchases 
Biological Bulletin 


231,803 
Direct costs on research contracts 129,983 
Administration and general pt ee ee 54,526 
Plant operation and maintenance coe as science ae 
Dormitories and dining services ‘ . 143,322 
Plant additions from current funds a aad 59,581 


700,371 
Less depreciation included in plant operation and dormitories and dining services 
above but charged to plant funds 


664,020 


Direct income of departments : 
43,418 
103,718 
Instruction fees een 16,980 
Library fees and income , 8,239 
Biological Bulletin, subscriptions and sales 19,846 


192,201 
Reimbursement and allowance for direct and indirect costs on research contracts ...... 151,444 
Dormitories and dining services income 108,349 


451,994 
Investment income used for current expenses: 
Endowment funds are a 83,984 
Current fund investments .. ; 1,645 
Gifts used for current expenses peeeccs » .a 127,301 
Sundry income 


Total current income ... 665,099 


Excess of income ............. athena — 1,079 


MARINE BIOLOGICAL LABORATORY 
STATEMENT OF CURRENT FUND 
Year Ended December 31, 1957 
Balance January 1, vce SA4e IIS 


Excess of income over operating expenditures 1957 1,079 


Balance December 31, 1957 $148,254 
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MARINE BIOLOGICAL LABORATORY 
SUMMARY OF INVESTMENTS 
December 31, 1957 













Approximate Investment 
% of Market % of Income 
Cost Total Quotations Total 1957 






Securities held by Trustee: 


General endowment fund: 
U. S. Government bonds ......... $ 81,000 97 $ 81,000 68 $ 2,359 


insincere cawaninns 420,980 50.2 403,589 33.7 12,246 









501,980 59.9 484,589 40.5 14,605 


Preferred stocks ................ 85,788 10.2 71,713 6.0 3,370 
CER BONED oc ccciccccccceeses 251,097 29.9 641,355 53.5 28,312 
























838,865 100.0 1,197,657 100.0 46,287 












General Educational Board endow- 
































ment fund: 
U. S. Government bonds ........ 25,000 15.3 25,000 9.5 749 
a a a tana 70,530 43.0 68,813 26.1 2,327 
95,530 58.3 93,813 35.6 3,076 
Preferred stocks ............00.: 27,281 16.7 24,337 9.2 1,130 
ES GURNEE. ivccaccreviesemess 41,006 25.0 145,471 55.2 5,608 








163,817 100.0 263,621 100.0 9,814 








Total securities held by Trustee $1,002,682 $1,461,278 $56,101 





Investments of other endowment and un- 
restricted funds: 


Pooled investments : 
U. S. Government bonds ......... — — — — 833 
IY 55nd cab terse warnioneers 138,302 58.4 141,416 57.1 3,105 











138,302 58.4 141,416 57.1 3,938 
Common stocks .............. re 98,433 41.6 106,213 42.9 5,676 





236,735 100.0 $ 247,629 100.0 9,614 


Other investments : 





U. S. Government bonds ......... 2,970 131 
een 43,600 23,444 
Real estate and mortgage ....... 20,753 — 
67,323 23,575 
Total investments of other en- 
dowment and unrestricted 
EE c- ncadoxkuamapecias $ 304,058 $33,189 
Be i ei a 89,290 
Cosstadiem’s Gee chewmed terete «.occcccccccccccvcwccccsccess ctatg. cl are cat ail xia ee (574) 
Income of current funds temporarily invested in pooled securities .................. (204) 





Investment income distributed to funds ... 


Bi etas/actin acs wikiee acanccmar elcieee nee Ree ree eae $88,512 











COELOMIC CORPUSCLES OF ECHINODERMS * 


RICHARD A. BOOLOOTIAN ? AND ARTHUR C. GIESE 


Hopkins Marine Station of Stanford University, Pacific Grove, California 


Although a variety of corpuscles have been described during the last century 
by investigators of echinoderm perivisceral fluid, disagreement exists among the 
descriptions of different authors and a re-investigation of the problem with newer 
methods is desirable before the corpuscles of echinoderm perivisceral fluid can be 
properly characterized. These newer methods are primarily observation through 
the phase contrast microscope, so effective in Grégoire’s studies (1953) on insect 
blood, and observation of cells unaltered by contact with air, glass or chemicals 
which Hensill (1949) found so useful in his study of crab blood. In addition, the 
study of all the transformations of a cell of a given type under gradually altered con- 
ditions discloses changes from one cell type to another in some instances. Further- 
more, a comparative study made possible a useful tentative classification of the cells 
found in fifteen species of echinoderms representing all the living classes of 
Echinodermata. 


MATERIALS AND METHODS 


The animals were collected in the vicinity of the Monterey Peninsula at low tide 
in some cases and by dredging in others. The animals were used as soon after col- 
lection as possible since starvation is known to alter clotting (Glavind, 1948). 
Cell types of each species were determined by the examination of fluid drawn from 
the perivisceral cavity with the aid of a siliconized syringe. A drop of the fluid was 
placed on a siliconized cover slip which was inverted over a depression slide, and 
examined immediately at magnifications of 43 x and 97 x and photographed 
periodically. 

The optical equipment consisted of a Spencer 18 ML phase microscope equipped 
with a Spencer phase turret condenser, bright contrast objectives and wide field 
oculars. The source of illumination was an Ortho-IIluminator-B (American Op- 
tical Co.), using 100-300 watt bulbs. 

The photomicrographic equipment used was a Kine-Exacta model VX camera 
coupled to a Leitz Micro-Ibso attachment. Exposures were made on Microfile film 
which was developed in D-11 developer and printed on single weight glossy surface 
DuPont Varigram paper. 7 

Since contact with air is known to alter the morphology of cells, the perivisceral 
fluid was taken up into evacuated capillaries. The capillaries were prepared by 


1 Supported in part by National Science Foundation Grant GS-482 and Public Health 
Grant RG-4578 (C). 

We are also indebted to Dr. A. R. Moore for his sustained interest and suggestions, to Dr. 
L. Blinks for accommodations and suggestions, to Dr. R. L. Bolin for extending use of facilities 
and for helpful criticism, and to Mr. A. Farmanfarmaian for counsel and advice. 

* Now at the Department of Zoology, University of California at Los Angeles. 
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pulling 5-mm. Pyrex tubing in such a manner that the capillary diameters never ex- 
ceeded 1 mm. 

The inner walls of the capillaries were coated with silicon (G.E. Dri-Film) by 
aspirating the reagent and subsequent drying. They were then flame-sealed at one 
end, evacuated, and flame-sealed at the other end in 7.5-cm. segments. Silicon was 
used because it coats the glass and prevents cytolysis of cells coming in contact with 
clean glass (Jacques et al., 1946). Each capillary was scratched with a carborun- 
dum point half a centimeter from one end. The scratched end inserted through the 
peristome (echinoids) or a dermal branchia (asteroid) can be broken at the scratch 
by a slight pressure, and the body fluid is aspirated into the capillary. In the case 
of holothuroids a longer capillary, scratched in the center, was inserted into the 
interambulacral margin of the animal and broken in the middle in the same manner. 
The open tip of the capillary was covered with silicon grease upon removal. Then 
the capillary was placed on a slide in a channel filled with glycerine and covered with 
a cover slip. With this method it is possible to study types for at least five minutes 
before clotting appears, and to observe any changes which occur during this time. 
Furthermore, the capillary tubes can be rotated and the nature of the corpuscles as- 
certained in three dimensions. Clots also can be studied effectively in such prepara- 
tions. This method readily lends itself to photography. 

In order to determine which coelomic cells, if any, were phagocytic, one ml. of 
finely ground carmine suspension in sea water was injected by a syringe through 
the peristomial membrane in echinoids, through a dermal branchia in asteroids and 
through the body wall in holothuroids. At various time intervals, ranging from 
ten minutes to five days, hanging drop and capillary-tube preparations of the peri- 
visceral fluid were examined and photographed. 


CLASSIFICATION OF CORPUSCLES OF ECHINODERM Bopy FLvuIDs 


The results of the present study, documented in succeeding sections, revealed 
thirteen types of fairly distinct cells (see Tables I and II). Some of these cor- 
puscles appear to be phyletic in distribution, ¢.g., the bladder amebocytes (Fig. 1) 
and the filiform amebocytes (Fig. 2), the first of which occur in thirteen of the spe- 
cies examined and the latter in twelve of the species examined. As will be dis- 
cussed later, these two cell types are different phases of the same cell, e.g., in Pis- 
aster ochraceus. The small spherical amebocytes (Fig. 3) are found in three of the 
asteroids investigated and in the ophiuroid and the crinoid. The fusiform cor- 
puscle (Fig. 4), the vibratile corpuscle (Fig. 6), the eleocyte (Fig. 7), and hyaline 
hemocyte (Fig. 8) are found in the sea urchins only. The colorless spherical ame- 
bocyte (Fig. 5) is common both to the sea urchins and sand dollars. The other 
types of cells have a rather limited distribution. The large spherical corpuscle 
(Fig. 9) and the red corpuscle (Fig. 10) are found in the sand dollar and the cri- 
noid. The lobular corpuscle (Fig. 11), on the other hand, is limited to the crinoid 
only. The hyaline plasma amebocyte (Fig. 12) is found in the starfish Poraniopsis. 
Cells “staining” with osmic acid (Fig. 13) are observed only in the sand dollar. 


CoRPUSCLES OF ASTEROIDS 


The fluid within the spacious coelomic cavity of the asteroids contains coelomo- 
cytes of fewer types than occur in other classes. Two main types of cells have been 
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Properties of coelomic corpuscles 


Bladder 


Cuénot 


Mac} 


Bookhout 


1940 


* Length or length and width. A wide range is observed in some cases because the same type 
of corpuscle is of a different size in different species in which it is found. 


described by Théel (1919), Kindred (1924), Lison (1930), Goodrich (1919), 
Durham (1888), Geddes (1879, 1880), Cuenot (1891): amebocytes with ordinary 
slender pseudopodia (filiform amebocytes ) and amebocytes with petaloid or bladder 
extrusions called pseudopodia (bladder amebocytes ). 
In the present study both bladder amebocytes ( Fig 


s- 


1) and filiform amebocytes 
(Fig. 2) were found to be abundant in all species of asteroids investigated. An- 
other cell type, a small spherical corpuscle with pigmented granules, however, was 
also found in Pycnopodia helianthoides, Mediaster aequalis, and Poraniopsis inflata. 
The cells of the first two species contain a light red or orange intracellular pigment 
which is particularly obvious when the cells are concentrated by centrifugation. In 
Poraniopsis inflata the pigmented corpuscles contain black granules, but not in con- 
spicuous quantity. 


CORPUSCLES OF ECHINOIDS 


The body fluid of the echinoids contains several types of cells which have been 
studied most extensively by Geddes (1879), Cuénot (1891), Théel (1896), Kin- 
dred (1921), Behre (1932), Boliek (1935), Kuhl (1937), Bookhout and Green- 
burg (1940), Liebman (1950), and Schinke (1950). Six types of cells have been 


described by various workers: amebocytes with spiked pseudopodia, amebocytes 


with petaloid pseudopodia, colorless spherule amebocytes, greenish and yellowish 





COELOMIC CORPUSCLES OF ECHINODE 


spherule amebocytes, red spherule amebocytes, and vibratile corpuscles which are 


small spherical cells provided with a flagellum. 
Seven types of cells were identified in the body fluid of the echinoids investigated 
here: bladder amebocytes, filiform amebocytes, fusiform corpuscles, colorless 


PLATE | 


icure 1, bladder amebocytes of Dendraster cxcentricus. Ficure 2, filiform amebocyte of 


Pisaster ochraceus. Figure 3, small spherical corpuscle of Heliometra glacialis. Figure 4, 
fusiform corpuscle of Strongylocentrotus franciscanus. FiGure 5, colorless spherule amebocyte 
of Strongylocentrotus purpuratus. FiGure 6, vibratile corpuscle of Strongylocentrotus purpura 
tus. FIGURE 7, eleocyte of Strongylocentrotus franciscanus. 


Photomicrographs were taken at a magnification of 344 < and were enlarged subsequently. 
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FigurE 8, hyaline hemocyte of Strongylocentrotus purpuratus. ViGuRE 9, large spherical 
corpuscle of Dendraster excentricus. FiGure 10, red corpuscle of Heliometra glacialis. Figure 
11, lobular corpuscle of Heliometra glactalis. Figure 12, hyaline plasma amebocyte of Poraniop 
sis inflata. Figure 13, osmophilic cells of Dendraster excentricus (small dark oval units) 

Photomicrographs were taken at a magnification of 344 and were enlarged subsequently 


spherule amebocytes, vibratile corpuscles, eleocytes, and hyaline hemocytes ( Figs 
1, 2,4, 5, 6, 7,8). 

The bladder amebocytes with large ectoplasmic extrusions and the filiform ame 
bocytes are phagocytic. The eleocytes contain red spherules of echinochrome ( Mac 


Munn, 1885; Kuhn and Wallenfels, 1939), a common echinoid pigment which has 


been demonstrated in the three species of Strongylocentrotus. The colorless 
spherule amebocytes with spherical inclusions lack phagocytic power and move by 
extending broad round eruptive (guttata) pseudopodia. The fusiform corpuscles, 
which are few in number, have no known function. The hyaline hemocyte gives rise 
to an extracellular clot after disintegrating at the site of an injury. These disinte- 
grating cells resemble the colorless spherule amebocytes to a considerable degree 
and, as a result, may have escaped the observations of past investigators because 
most of their observations were made on fixed and stained material. 

The eleocytes have no known function, although several have been suggested by 
various investigators. Griffiths (1892) concluded that they are associated with 
oxygen transport as did Awerinzew (1911). Cuenot (1891) opposed this assump- 
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tion on the basis that no color change was observed when pigment was allowed to 
stand in air, and proposed that instead of being an oxygen-carrying agent, the eleo- 
cyte was a store of food material which the cells had taken from the intestine. The 
concentration of eleocytes in the body fluids differs in the three species of Strongylo- 
centrotus studied. Strongylocentrotus purpuratus contains 1100 to 1700, S. fran- 
ciscanus, 500 to 700, and S. fragilis, 100 to 150 cells/mm’. The red cells are found 
in the epithelial lining of the sea urchin test and contribute to its color. 

The vibratile corpuscles (Fig. 6) found in the sea urchins are of uncertain origin 
and function. They do not participate in clotting, except as they are incidentally 
caught in the mesh of fibers in the extensive clot formed in sea urchin body fluid. 
It is possible that the vibratile corpuscles aid in the mixing of the body fluid since 
the current created peripherally by the ciliated epithelium cannot extend far into the 
body mass. These cells were concentrated by fractional centrifugation (as were 
other types of corpuscles) and were kept alive in the body fluid of the urchin, in 
vitro, for many hours, but they were not observed to divide. 















CoRPUSCLES OF OPHIUROIDS 





The coelomic corpuscles of the ophiuroids have been least studied. Cuénot 
(1888) observed granular ameboid corpuscles with short spiked pseudopodia in an 
ophiuroid, and Kindred (1924) observed four types of cells: active leucocytes, pas- 
sive leucocytes, colorless spherule amebocytes, and vibratile corpuscles in Ophio- 
pholis aculeata. In the present study two cell types were observed in Gorgono- 
cephalus—small spherical corpuscles (Fig. 3) and fusiform corpuscles (Fig. 4). 
The latter type of cell was not observed by Cuénot, while the small spherical cor- 
puscle resembles that found by Cuénot. The function of these cells is unknown, 
although Cuénot has remarked that the ameboid granular cells (small spherical 
corpuscles) unite by their short pseudopodial tips and anastomose into a network, 
but he did not consider this to be clot formation. 












CORPUSCLES OF CRINOIDS 
















The coelomocytes of the crinoids have been described by Cuénot (1891), Ha- 
mann (1889), and Reichensperger (1912). Cuénot (1891) observed three kinds 
of cells, a small finely granular type with short spiked pseudopods, a larger pyriform 
or fusiform slow-moving cell filled with coarse spherules, and a cell filled with 
safranophil rods, which, according to Cuénot, was rounded when free in the coelomic 
fluid, pyriform when migrating through the tissues. Hamann observed numerous 
wandering ameboid cells in various crinoids and described two types, neither of 
which resembles Cuénot’s forms. Reichensperger also noticed two kinds of coelom- 
ocytes in Antedon: a phagocytic ameboid form with short spiked pseudopods ap- 
parently identical with Cuénot’s finely granular type and an oblong cell filled with 
numerous rods and granules. 

In the species studied here, Heliometra glacialis, five types of cells were found 
(Table I), two of which are probably identical with the cells described by Cuénot, 
Hamann, and Reichensperger. The perivisceral fluid contained an abundance of 
ameboid cells with short pseudopodia (small spherical corpuscles, Figure 3). The 
second cell type (fusiform corpuscle, Figure 4), termed “pyriform” by Cuénot, was 
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not pear-shaped in H. glacialis, but more spindle-like. Occasional oblong bodies 
which approached pear-form were observed. The large spherical corpuscles, which 
lacked pseudopodial extensions, were abundant in the body fluid. The red cor- 
puscles were found in small numbers and have not been reported by other investi- 
gators. The lobular corpuscles (Fig. 11), few in number, resemble an embryonic 
morula stage. The functions of these cells were not determined since the volume of 
fluid from the few specimens available was too small for extensive studies. 


CorPUSCLES OF HOLOTHUROIDS 


The coelomic cells of holothuroids have been described by numerous workers, 
particularly by Hérouard (1889), Becher (1907), Théel (1921), Kindred (1924), 
Ohuye (1934, 1936a, 1936b) and Endean (1958). They have been collectively 
called coelomocytes (Hyman, 1955). The cell types present vary in form, number, 
and size in different holothuroids, but the following kinds are common throughout 
the class: hemocytes, phagocytes, colorless spherule amebocytes and filiform amebo- 
cytes. 

Hemocytes which have been reported for many species contain the pigment he- 
moglobin, as shown by Howell (1885, 1886), Van der Hyde (1922), Hogben and 
Van der Lingen (1928), and Kobayashi (1932), on Thyone, Cucumaria, Paracau- 
dina chilensis, and Molpadia roretsii, respectively. They are not found in Sficho- 
pus californicus, the species studied here. 

Phagocytes are found in all species so far studied. Various names such as cells 
with elongated pseudopodia (Hérouard ), hyaline ameboid corpuscles (Ohuye), and 
bladder amebocytes (Kindred, 1924) have been applied to them. The term, bladder 
amebocyte (Fig. 1), is preferable since the large bladder-like projections are readily 
observable when viewed three-dimensionally. 

The colorless spherule amebocytes (Fig. 5) were abundant in Stichopus cali- 
fornicus. Hamann (1883) designated these as plasma wandering cells. Cuénot 
(1891), who identified them as muriform cells, considered the proteinaceous spher- 
ules to be food reserves. 

The homogeneous amebocytes, which lack inclusions, have been reported by 
Hamann (1883) and Becher (1907). This type of cell is rare and Hyman (1955) 
considers it a developmental stage of other cell types. It was not found in Stichopus. 

Théel, Kawamoto, and Ohuye observed crystal-containing cells in several spe- 
cies of holothuroids. The crystals are in the cytoplasm and are mostly rhomboidal 
in shape. No crystal-containing cells were observed in Stichopus. 

A cell type which has not been previously reported by investigators in holo- 
thuroids is the filiform amebocyte (Fig. 2). In Stichopus californicus these cells 
are actively involved in clot formation and also exhibit phagocytosis. 


DISCUSSION 


Many types of coelomic corpuscles have been described by various investigators 
of echinoderm body fluids, most of whom fixed and stained the cells or used live 
cells without preventing degenerative changes following contact with glass or air. 
As a consequence their results were not entirely convincing. In the present study 
in which pains were taken to avoid the above pitfalls: many of the same cell types 
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were seen. However, more confidence may now be attached to the cell types de- 
scribed by the earlier workers, since their appearance has been checked with live cells 
under conditions which at least delay changes in cells occurring with clotting or 
agglutination. 

Such coelomic cells as were not seen in the preparation made here, but which 
have been described by previous workers, may constitute additional cell types since 
the species used in the present study were not the same as theirs. Only future 
work using the same species of organism, can resolve this uncertainty. In the 
special case of the hemocytes—hemoglobin-containing cells of certain holothuroids— 
no question exists of their reality, even though they were not observed in the species 
of holothuroid used here (Stichopus californicus), since hemocytes have been ob- 
served in live specimens and recorded many times by various authors. 

Some types of coelomocytes were observed in the species examined here which 
had not been previously described, e.g. the red corpuscles of the sand dollar and the 
crinoid, and the lobular corpuscles of the crinoid. 

The existence of bladder amebocytes need no longer be questioned, even though 
the bladders appear to be petaloid rather than vesicular in fixed preparations (Good- 
rich, 1919). Examined in three dimensions, the bladder-like nature of the ecto- 
plasmic extrusions is readily observable. 

It was possible to resolve one controversy which occurs in the literature con- 
cerning the possible identity of the bladder amebocytes and the filiform amebocytes 
in asteroids. Théel (1919) and Kindred (1924) state these are merely phases 
of one another but cite no convincing evidence, and others question this conclusion. 
In observations on body fluids of several asteroids, the fresh sample showed a 
predominance of bladder amebocytes, but upon standing, the same preparation 
shows a predominance of filiform amebocytes. If the filiform amebocytes represent 
a pre-coagulation change, it should be possible to prevent this with an anti- 
coagulant such as cysteine. Cysteine-treated coelomic fluid was found to contain 
only bladder amebocytes when examined at various time intervals in Pisaster 
ochraceous body fluid. This experiment was repeated eight times with the same 
results. In the control, samples of coelomic fluid were treated with sea water 
equal in volume to the sample of anticoagulant and upon standing, both phases 
were seen. Whether such transformation occurs in all echinoderm coelomic 
fluids in which such cells are found remains to be seen. 

Some problems are presented by the present study of echinoderm coelomic fluid 
which may be of special interest to comparative and cellular physiologists. The 
function of the echinochrome-containing eleocytes and the various types of amebo- 
cytes still remains a challenge. The function of the vibratile corpuscles of the sea 
urchins, with the possibility that they represent parasites, is another example of an 
intriguing problem. The bladder amebocytes and the explosive amebocytes should 
serve as interesting material for a further study of ameboid movement. The 
mechanism of the transformation of bladder amebocytes to filiform amebocytes 
offers still another perplexing problem. 

The data so far gathered do not permit evolutionary speculations concerning 
the origin and diversification of the different types of coelomocytes. However, it 
cannot escape mention that a greater diversity of cell types appears in the body 
fluid of the more highly specialized forms, such as the echinoids, than in the 
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asteroids. A more complete survey of the coelomic corpuscles of other species of 
each class, especially of the classes studied sparingly at present, may yield informa- 
tion making possible more generalizations than can be made now. 


SUMMARY 


1. The cellular elements from the body fluid of 15 different species of echino- 
derms were studied by phase contrast microscopy. Thirteen types of corpuscular 
elements were identified and the distribution, properties, characteristics and, where 


possible, functions, were determined. 

2. Some types of coelomocytes were observed in the species examined here 
which had not been previously described, e.g. the red corpuscles of the sand dollar 
and crinoid, and the lobular corpuscles of the crinoid. Some of the coelomo- 
cytes formerly described were also found in the species described. Among these 
are the controversial bladder amebocytes in which the presence of bladder has been 
questioned. Present studies verify the bladders as real structures easily seen in 
three dimensions. The bladder amebocyte undergoes a transformation into the 
filiform amebocyte which represents a pre-coagulation change. 

3. A greater diversity of cell types was observed in the body fluid of the more 
highly specialized forms such as the echinoids than in the less specialized asteroids. 
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THE ROLE OF THE BLOOD IN THE TRANSPORTATION OF 
STRONTIUM*”-YTTRIUM®” IN TELEOST FISH ':? 


HOWARD BOROUGHS * AND DELLA F. REID 


Hawaii Marine Laboratory, University of Hawatt, Honolulu, Hawaii 


As the result of global fallout and the introduction of radioactive wastes from 
nuclear reactor plants into the oceans, marine organisms are being subjected to 
an environment which is potentially hazardous to themselves and to other members 
of the ecosystems involved. During the last few years, a study has been made in 
this laboratory of various aspects of the metabolism of radiostrontium by marine 
fish. These fish may pick up strontium directly from sea water, by way of the 
skin, gills, or by swallowing the water (Boroughs, Townsley and Hiatt, 1956). 
They may also take up this element from their food. In any event, the transporta- 
tion of strontium within the fish, including its excretion, depends upon its trans- 
portation by the blood, except for the strontium which is unabsorbed from the 
digestive tract. 

It is the purpose of this paper to report on certain aspects of the transportation 
of strontium’’-yttrium®® in teleost blood. 


MATERIALS AND METHODS 


The species used in this experiment was Tilapia mossambica, a teleost fish. In- 
dividuals weighed between 50 and 110 grams each. They were kept in tanks 
supplied with running sea water. 

Two concentrations of Oak Ridge Sr*’-Y°® were prepared by dilution with 
saline solution approximately isotonic with Tilapia blood. Those fish which were 
to be bled a day or more after injection were given 100yuc of Sr®, while the 
fish killed at shorter time intervals were given only 10 wc. In both instances the 
dose injected was 0.2 ml. 

The injections were made, and blood was withdrawn with the fishes’ opercula 
in water. Separate fish were used for each time interval studied instead of using 
a single fish for repetitive bleedings. All the fish were handled as gently and 
uniformly as possible, and their eyes were covered with the hand. We believe 
this procedure results in a minimum of trauma. 

The Sr®*-Y* dose was injected directly into the ventricle of the heart. At 
predetermined time intervals of 5, 15, 30, and 45 minutes and 1, 4, and 8 days, 
as much as possible of each fish’s blood was withdrawn through the kidney sinus. 
A red blood cell count was made each time a fish was injected and again when 
blood was removed. 


1 Contribution No. 108 Hawaii Marine Laboratory, University of Hawaii. 
2 This work was supported in part by contract No. AT(04-3)-56 between the U. S. 
\tomic Energy Commission and the University of Hawaii. 
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Immediately after removing the blood from the fish, triplicate 0.1-ml. samples 
were pipetted onto circles of one thickness of absorbent tissue on aluminum 
planchettes. Three-tenths-ml. aliquots of the remaining blood were centrifuged 
for 10 minutes at 2100 rpm in calibrated small bore hematocrit tubes in an I[nter- 
national clinical centrifuge. The separated blood in one tube was used for measur- 
ing the radioactivity in the plasma and also that associated with the cells. From 
a second tube the plasma was removed without disturbing the packed cells. Five- 
hundredths ml. of these cells were washed by re-suspending them twice in fresh saline 
solutions. All the saline washings were pooled. In a third tube, the same volume 
of saline-washed cells was lysed with distilled water. The ghosts were washed 
with distilled water until no further radioactivity could be removed from them. 
The lysing solution containing the cell contents was added to the distilled water 
wash for measurement of the radioactivity of the cells exclusive of that bound 
to the stroma. 

Separated organs and tissues were ashed and prepared for counting as pre- 
viously described (Boroughs, Townsley and Hiatt, 1956). Radioactivity was 
measured with a thin window G-M tube using a commercial scaler. Counts were 
corrected for coincidence whenever necessary. 

In order to get an approximation of mixing time, Sr*’ was injected in the 
heart. Ten, 20, and 30 minutes later, blood was removed from the ventral aorta 
and from the kidney sinus, and 0.1-ml. samples were counted in a well scintillation 
counter with the aid of a single channel pulse height analyzer. 


RESULTS AND DISCUSSION 
Preliminary experiments 


Since very little is known about fish blood, we were at the outset faced with 
problems which were not pertinent to the main idea of this research. The first 
problem to be overcome was the bleeding, because apparently very few biologists 
have successfully removed blood directly from teleost fish (Prosser, personal com- 
munication). In general, fish have been bled by cutting the tail and allowing the 
blood to drip. Even more refined methods have involved the use of heparin, 
citrate, or other anticoagulants. We have found it difficult to withdraw unclotted 
blood from Tilapia if the fish had been kept out of water for even a short time. 
There is probably a dehydration of the blood in some species of fish as a result 
of asphyxiation (Hall, Gray and Lepkovsky, 1926). If Tilapia were stressed by 
prolonged chasing with a net, by rough handling or by repeated bleeding, removal 
of blood was difficult even though they were not taken from the water. The cell/ 
plasma ratio increased as it did with asphyxiation. 

We had previously observed red blood cell counts which varied between | and 
4 x 10*/mm* in this species of fish, and other workers (Young, 1949) have ob- 
served similar large variations with other teleost fishes. Table I is a summary of 
the rbe counts of the fish used in this experiment and shows that these variations 
are not intrinsic and that it is possible to remove fish blood that has a reasonably 
small fluctuation in the rbc count. This blood does not clot even on prolonged 
standing at room temperature. 

The tremendous shift in the number of red blood cells observed in fish blood 
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TABLE | 
Red blood cell count in Tilapia mossambica 


Time interval RBC/mm.? of blood 

between injection Counted before Counted before 
and killing dose injected blood withdrawn 
5 min. 1.444 10° ‘ x 108 
5 min. 1.150 10° 423 XK 108 
5 min. 1.375 10° 106 
5 min. 1.350 10° 106 
5 min. 1.209 10° 106 
min. 1.548 10° 10° 
min, 1.175 106 10° 
min, 1.125 10° 10° 
hr. 1.200 10° 10° 
hr 1.162 106 10° 
hr. 1.050 10° 108 
hr. 1.223 10° 10° 
hr 1.148 10° 10° 
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could mean that the plasma, or some portion of it, either leaves the circulatory 
system or is in effect removed by some pocketing device. The increase in red blood 
cells may also result from the introduction into the blood stream of cells previously 
sequestered in an organ or tissue. Studies on fish blood volume and mixing time 
using either classical techniques or radioisotopes would be of little value if the fish 
were stressed. 

The circulation of fish blood is distinguished from that of higher animals in 
that oxygenated blood does not necessarily return to the heart. All the blood 
from the heart goes to the gills, but from the gills the blood may go to the head, 


TABLE I] 
The mixing time of Tilapia blood 


Minutes 
Blood source elapsed Counts/min 
Ventral aorta 10 249 
Ventral aorta 20 79 
Ventral aorta 30 51 
Kidney 10 40 
Kidney 20 45 
Kidney 30 50 


Dose: 8477 cpm in 0.2 ml. injected into ventricle of heart. 
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Figure 1. The disappearance of Sr”-Y” from the whole blood and 
plasma of Tilapta mossambica. 
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back to the heart, or to the remainder of the body. This means that mixing is a 
more complicated process in fish than it is in the higher animals. 

The results of studying mixing time in a single fish are shown in Table II, 
It can be seen that the bulk of the Sr*® injected into the heart remained in the 
anterior portion of the fish, and that it required about 30 minutes for the blood 
from the ventral aorta and that from the kidney to reach the same level. 

Since we lack precise information about blood volume, we have assumed that 
it is roughly proportional to body weight. We have done this not only on the 
basis of our own work, but because Martin (1950) has suggested a similar relation- 


ship for other teleost fishes. 


Rate of disappearance of Sr*°-Y°® from the blood 


Figure 1 shows the rate of disappearance of Sr®*°-Y°* from whole blood and 
plasma. The numbers have been corrected for body weight. The activity is 
given in counts/min./ml. whole blood and cpm in the plasma present in 1 ml. of 
whole blood. Each point on the curve represents the average activity from at 
least two fish. It can be seen that practically all the radioactivity in the whole 
blood is carried in the plasma, and that the formed elements can be responsible 
for only a very small amount. The two curves are practically superimposable. 
The small inserts on this graph show the appearance of radioactivity during the 
first few hours, and the larger graph extends the curves to 8 days. Since all the 
radioactivity was injected into the heart at zero time, at first glance it may seem 
odd that the amount of radioactivity recoverable from the blood increases up to 
30 minutes. However, Table II indicates that this apparent increase is a reflection 
of the mixing time. At least two processes are occurring during this time which 
make it extremely difficult to find out exactly how much radioactivity is in the 
blood system. First, the isotopes are being excreted as soon as they appear in 
the blood, at first principally by way of the gills. Second, radioactivity is rapidly 
accreted by the various organs and tissues, and thus the concentration is decreasing 
continuously. We would like to emphasize that it is the resultant of these proc- 
esses that is being measured. 

The radioactivity was very rapidly lost from the blood during the next 30 
minutes, and after 24 hours, only between 0.8 and 1.6 per cent of the injected dose 
remained in the blood, assuming a blood volume of 2—4 per cent of the body weight. 
The shape of the curves shows that more than one rate process is involved in the 
disappearance of the radioactivity from the blood. It must be emphasized at this 
point that the above samples were counted at least three weeks after the fish was 
killed, so that we were observing the radioactivity in an equilibrium mixture of 
Sr®-Y°*. Strontium’? has a half-life of about 28 years and a maximum beta 
energy of 0.61 Mev. It decays to form radioactive Y° which has a half-life of 
2.54 days and a maximum beta energy of 2.18 Mev. Secular equilibrium exists 
when the Y°° decays as fast as it is formed, and the radioactivity of such a mixture 
is the sum of the radioactivity of the separate isotopes. 

In an equilibrium mixture, therefore, no decay of radioactivity would be ob- 
servable during this experiment unless the two isotopes were separated by either 
biological or physico-chemical processes. Such a fractionation can be detected by 


following the counting rate of a sample daily. No changes in this rate will be 
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observed if no fractionation has occurred. If the rate increases, Y®® has been 
removed and is building up to its equilibrium value at which point it will level off. 
If the rate decreases, the bulk of the radioactivity must be due to the Y® which is 
decaying, and the counts will decrease until a level is reached which is a function 
of the amount of Sr®° present. 


The role of the blood fractions in the transport of Sr®*°-Y*° 


The increase in the counts/minute of the whole blood and plasma in Figure 
2 is due to the build up of Y°*. There are two simple explanations for the loss of 
yttrium from the blood. One is that the yttrium was lost prior to its appearance 
in the blood initially, that is, adsorbed to the glassware used in making the dilutions 
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Figure 2. The increase with time of radioactivity in samples of whole blood, plasma, 
and the dose, indicating the build-up of Y™. 


and injections. The second explanation is that the yttrium was lost to various 
organs and tissues through which the blood passed. These explanations are not 
mutually exclusive and we believe that both processes occur. 

In Figure 3, the curve labelled “dose” was obtained by counting planchettes 
prepared from the Sr®-Y°*° present in the syringe used for injections. It can be 
seen that over a period of time, the cpm increased, indicating that some Y* was 
lost from the equilibrium mixture. This Y*° was lost to the glassware. The curve 
for whole blood and plasma, however, increased to a much higher value, indicating 
that additional Y°° had been removed after the dose was injected. 

Figure 3 shows the rate of radioactive decay of the washed and unwashed cells, 
the saline washings, the washed ghosts, and the distilled water washings which 
include the cell contents. The decay of the unwashed cells suggests that both Sr®? 
and Y®® were associated with the cells. The decay of the washed cells, saline 
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wash, and ghosts, however, suggests that the Sr*° is readily removable either from 
or through the cell wall. The activity remaining in the washed cells and ghosts 
indicates it to be Y°®, because the decay rates are very similar to the rate for pure 
Y*. All these conclusions are in harmony with the findings of Thomas et al. 
(Thomas, Litovitz, Rubin and Geschickter, 1950), who showed that radiocalcium, 
metabolically similar to strontium, was carried in the plasma of rabbit blood. 
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Figure 3. The radioactive decay of washed and unwashed cells, the saline and distilled 


water wash, and the cell ghosts. The decay of washed cells and ghosts indicates that they pick 
up Y” rather than Sr”. 


Retention and distribution of Sr®*°-Y*° 


Figure 4 shows the retention by the fish of the injected Sr®’-Y°® as a function 
of time. The upper curve represents the entire fish, and the other curves represent, 
respectively, the bone, integument, gills, muscle, and visceral organs. Each point 
is the average of at least two fish, and the samples were counted at secular 
equilibrium. These results may be compared with those obtained previously by 
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Figure 4. The internal distribution of Sr®-Y” injected in the heart 
of Tilapia mossambica. 


Boroughs et al. on the retention of Sr*® by Tilapia following ingestion or intra- 
muscular injection. In all instances, the rank order of the percentage of dose 
retained is the same as that in Figure 4, indicating that once the strontium is ab- 
sorbed by the blood system, its internal distribution is the same. 

Table III emphasizes the rapidity with which the radioactivity appears in the 
various tissues, including the bones. A small amount of vascular tissue and blood 
is dissected with the bones, but this additional radioactivity is obviously a very 
small percentage of the total in the bones. This appearance and retention in the 
bones cannot be due to accretion by growth, but must represent simply an exchange 
reaction. 


TABLE III 


Retention and internal distribution of Sr®-Y™ after intracardial injection 


% injected dose remaining (samples at secular equilibrium) 
Time interval ‘ - etriitilliditeaminmasiac tied soa saiiniennasaennanbaiimemamt 


Total of fish* Bones Integument yills Muscle Visceral organs 


5 min. 98.2 13.2 13.4 3. 3.1 3.4 
15 min. 95.9 
30 min. 93.2 uj 8.2 e. 11.9 
1 day 92.1 ; 19.2 d 4.5 
4 days 81.5 53. 17.1 ; 4.2 
8 days 76.6 50. 16.2 vs 3.3 


* Including blood. 
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Biological fractionation of Sr99- V2 





Three fish were injected with Sr®*’-Y° and killed five minutes, 30 minutes, and 
one day later. Since the amount of separation of the two isotopes by the glassware 
was unknown, it is not possible to draw a curve showing the rate of decay of the 
radioactivity in the various organs that would be a true measure of the decay due 
to the fractionation by the organs themselves. The planchettes were counted one 
day after the fish were killed, and this value was taken as a base line. They were 
then counted until secular equilibrium had been re-established. Table IV shows 
the percentage increase or decrease in radioactivity in the various organs with 










respect to the radioactivity present at one day. 







TABLE IV 









Fractionation of intracardially injected Sr®-Y®™ by organs and 
tissues of Tilapia mossambica 










“ Increase of activity 
1 day to secular equilibrium 


Decrease of activity 


Organ or tissue sz e 
1 day to secular equilibrium gan or ¢ ; ampl 






Organ or tissue sample 
























Liver 53.1 Gills 73.8 
Gall bladder 42.5 Stomach 22.3 
Heart 38.6 Brain 18.3 
Kidney 18.8 Muscle 16.3 
Spleen 10.6 Intestine 10.4 
Gonads 8.5 Eyes 6.9 
- - ~- — Urinary Bladder 5.6 
Urine 28.5 Skin 5.0 
Blood clots 26.8 

Scales 14.1 —— —— 








Fat 11.4 Feces 








It can be seen that the first two columns represent the organs which concen- 
trated Y®*® more than they did Sr®, while the last two columns represent organs 
that favored the Sr. In general, the more vascular organs and tissues preferred 






yttrium. 






SUMMARY 












1. Blood can be easily removed without clotting from the heart or kidney 
sinus of fishes if the fish are handled gently and their opercula are kept immersed. 

2. Blood so removed has a uniform number of red blood cells/mm‘. 

3. The mixing time of Sr®*-Y® injected in the ventricle of Tilapia mossambica, 
a teleost fish, is approximately 30 minutes. 

4, Sr®-Y* rapidly disappears from the blood. At 24 hours, only between 
0.8 and 1.6 per cent of the injected dose remains in the blood. 

5. The disappearance of radioactivity from the blood depends on more than a 
single process. 

6. Almost all of the Sr®® in whole blood is carried by the plasma. 
7. Very little Sr’® is found either in the cells or on the cell walls. 
8. Yttrium®, on the other hand, is present in the stroma. 
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9. The pattern of internal distribution of intravascularly injected Sr®’-Y°° is 
the same as that which was found for either intramuscular or oral administration 
in the same species. 

10. Vascularized tissues have a greater avidity for Y*° than they have for Sr®’. 
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Live sperm or sperm extracts of a number of animal species have been found 
to possess the property of solubilizing or dispersing the secondary and tertiary 
envelopes normally surrounding the unfertilized eggs of these species, thus fa- 
cilitating the approach of the sperm to the egg surface. Groups in which this 
phenomenon has been demonstrated include amphibians (Hibbard, 1928; Wintre- 
bert, 1929 and 1933), mammals (see reviews by Duran-Reynals, 1942; Meyer, 
1947 ; Meyer and Rapport, 1952), gastropods (Tyler, 1939 and 1948; von Medem, 
1942), and bivalves (Berg, 1949). In addition, a number of workers have de- 
scribed the solubilization of the gelatinous coat material (fertilizin) of echinoid 
eggs by live sperm or sperm extracts. Hartmann et al. (1940) extracted the 
residue of methanol-precipitated seminal fluid of Arbacia pustulosa with sea water 
and reported that the resulting solution was capable of dispersing the gelatinous 
coat material of unfertilized Arbacia eggs. This extract was also capable of 
neutralizing the sperm agglutinating property of Arbacia fertilizin, and thus pos- 
sessed antifertilizin activity. Monroy and Ruffo (1947) described an acid extract 
of sea urchin sperm which was reported as acting to dissolve the fertilizin of 
unfertilized eggs. Others have described a decreased viscosity of fertilizin solu- 
tions in the presence of live sperm or sperm extracts (Lundblad and Monroy, 
1950; Vasseur, 1951; Monroy and Tosi, 1952; Monroy et al., 1954). It has been 
emphasized (Tyler and O'Melveny, 1941; Krauss, 1950; Monroy and Tosi, 1952; 
Monroy et al., 1954) that apparent dispersal of the gelatinous coat of unfertilized 
eggs by sperm or sperm extracts, as well as the decrease in viscosity observed when 
live sperm or extracts are added to fertilizin solutions, can be accounted for by 
precipitation of fertilizin by antifertilizin present in the extracts or on the surface 
of the live sperm. Therefore, any investigation of supposed lytic or dispersing 
agents from sperm must include experiments which demonstrate that the activity 
of the agent is separable from the activity of antifertilizin. Ishida (1954) has 
presented evidence that a fertilizin-dissolving factor is released at fertilization from 
the sperm of Hemicentrotus pulcherrimus. Treatment of the sperm with fertilizin, 
which rendered the sperm non-fertilizing, did not prevent the solution of the 
fertilizin coat of the eggs by these sperm. This latter observation tends to eliminate 
antifertilizin as the agent responsible for removing the fertilizin from the eggs. 
However, though the sperm concentration employed in the experiments was not 
stated, sperm carbon dioxide might have been responsible for the solubilizing action 
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of the sperm. Heated (100° C. for one minute) sperm failed to cause dispersal 
of the fertilizin coat. This failure of heated sperm to cause dispersal of the 
gelatinous coat has been ascribed, by Ishida, to the denaturation of a dispersing 
agent on the sperm. Alternatively, the denaturation of respiratory enzymes, re- 
sulting in loss of motility and decreased carbon dioxide production, could account 
for the failure of heated sperm to solubilize the fertilizin of the eggs. 

fhe present report bears evidence that a factor, which is distinct from anti- 
fertilizin and which is capable of causing the dispersal of the gelatinous coat of 


unfertilized eggs, is present in sperm extracts and on the surface of live sperm 
| 


and of the sand dollar, Mellita quinqutesperforata. 


MATERIALS AND METHODS 


\nimals were collected by dredging on the shallow banks surrounding the 
University of Florida Marine Laboratory at Sea Horse Key. The animals were 
transported to Gainesville and kept in the laboratory at 12° C. in sea water 
supplied with a continuous flow of washed, compressed air. Under these con- 
ditions the sand dollars remained alive for approximately two weeks. [Eggs and 
sperm were obtained by injecting the animals with an isotonic KCI solution 
(Tyler, 1949). 

For use in experiments in which live sperm were employed, the “dry” sperm 
were diluted to a concentration of 5% with filtered sea water. Where separation 
of sperm from the surrounding fluid was desired, the suspensions were centrifuged 
it 2900 * gravity in a Servall SS-1 centrifuge for 10 minutes. The supernatant 
fluids were collected and tested for dispersing activity on the gelatinous coat of fresh 
untertilized eggs. The sedimented sperm were suspended in the original volume of 
fresh sea water and tested for their ability to disperse the gelatinous coat of the eggs. 

Sperm extracts were prepared from washed sperm in the following manner. 
Two volumes of sea water were added to the sperm following centrifugation and re- 
moval of seminal fluid, and the resulting 30% suspension was frozen at — 20° C., for 
2to 12 hours. The frozen suspension was then homogenized in an ice bath, using 
a Potter homogenizer with a motor-driven pestle. After homogenization, the sus- 
pension was centrifuged at 11,000 x gravity for 15 minutes in a Servall SS-1 centri- 
fuge. This procedure yielded a gray precipitate, which was discarded, and an opal- 
escent supernatant fluid, which was used as the fina! sperm extract preparation. 

In assaying for the dispersing action of sperm and sperm extracts on the gelati- 
nous coat of the eggs, advantage was taken of the presence of echinochrome granules 
in the gelatinous coat. As can be seen in Figure la, where the outer boundary of 
the coat has been outlined with antifertilizin, the granules normally have a rather 
regular position in the gelatinous coat. The locus of this position could be described 
as a spherical shell lying midway between the outer surface of the gelatinous coat 
and the surface of the egg. In practice, a small number of freshly shed eggs were 
transferred with a pipette from the vessel in which they had been allowed to settle, to 
fresh sea water, and used in the various tests. Dispersal of the egg coat could be 
followed by noting the length of time required for the echinochrome granules to fall 
to the bottom of the culture dish, due to the dispersal of the gelatinous matrix in 
which they were embedded. The time at which the granules were released repre- 
sented the time at which approximately half the gelatinous coat had been dispersed, 
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and was taken as the end-point of the reaction. Naturally, every effort was mace to 
insure that the eggs used in the experiments possessed comparable amounts of velati- 
nous coat material outside the layer of granules. In practice, this was not particu- 
larly troublesome since the egg coat of Mellita eggs is quite rigid and not lily 
soluble in sea water, and since handling of the eggs was restricted to a single transfer 
to fresh sea water following shedding. 


la 


Figure la. Unfertilized egg of Mellita treated with heated (70° C. for 10 minutes) sperm 
extract. Final magnification: 175 

Figure lb. Unfertilized egg of Mellita treated with heated sperm extract for 30 minutes, 
followed by treatment with unheated extract for 15 minutes. Final magnification: 175 


RESULTS 

When one drop of 5% sperm suspension was added to one drop of egg suspen- 
sion (containing about 200 eggs), the gelatinous coat was dispersed in approxt- 
mately 10 minutes. Elevation of the fertilization membrane did not result in the 
dispersal of the gelatinous coat of control eggs which were washed and removed to 
sea water following exposure to the sperm suspension. When the above sperm sus- 
pension was centrifuged at 2900 x gravity for 10 minutes, and the supernatant fluid 
decanted and tested, it was found to be inactive (no dispersal of the gelatinous coat 
occurred even after 12 hours of exposure to the sperm supernatant). The sedi- 
mented sperm, on the other hand, remained able to disperse the gelatinous coat ma- 
terial after being diluted to the original concentration with sea water. 





GELATINOUS COAT DISPERSAL BY SPERM 


Acidification of a 5% sperm suspension to pH 4, followed by return to pH 8 after 
2-4 minutes, with subsequent centrifugation at 2900 <x gravity to recover sperm and 
supernatant fluid, resulted in the loss of the capacity of the sperm to disperse the 
fertilizin coat. The sperm, in most instances, remained motile following the treat- 
ment. The supernatant fluid under these conditions occasionally showed slight anti- 
fertilizin activity, as evidenced by the formation of a slight precipitation membrane 
on the gelatinous coat, but remained inactive with respect to the dispersal of the 
gelatinous coat. The fertilizing capacity of such acid-treated sperm was reduced, 
perhaps due to the loss of antifertilizin from the sperm surface (Tyler and O’Mel- 
veny, 1941), or to the loss of the ability to disperse the gelatinous coat, or both. 

Sperm extracts, prepared as described in the previous section, were also ca- 
pable of dispersing the gelatinous coat of unfertilized eggs. The final extracts, pre- 


TABLE | 


The effect of temperature and pH on dispersing activity of Mellita sperm 
extract. Activity of extracts assayed at 25° C. 


Date a Exposed to pH Tested at pH Dispersal time Antifertilizin activity 
Dec. 13 
Dec. 19 
Dec. 5 
Jan. 17 
Dec 5 


~~ ee II 


~ 


jan. 3 
Jan, 17 


Dec. 5 


Jan. 3 


oo 
tRHEREREREREE HE 


Dec. 5 
Dec. 19* 
Dec. 19* 


* 


*% CO OO CO CO 
T 


* Indicates heated extract (70° C. for two minutes). 
Indicates no dispersing activity evident. 


pared from frozen-thawed sperm, had a pH varying between 6.9 and 7.1, depending 
on the particular preparation. Extracts at this pH range were capable of dispersing 
the gelatinous coat in 30 minutes at 25° C. Control eggs in sea water at pH 6.9 
showed no release of echinochrome granules for 6 hours or more. Exposure of 
active sperm extracts to pH 4 for 3-5 minutes, followed by return to the original 
pH, inactivated the dispersing factor. The optimum pH for dispersing activity ap- 
peared to be 8, since dispersal occurred in approximately 10 minutes at this pH. 
Alkalinization to pH 9, followed by return to pH 8 after 3-5 minutes, partially in- 
activated the dispersing factor, dispersal occurring after 30 minutes in these prepa- 
rations. Heating to 70° C. for two minutes in a water bath completely inactivated 
the dispersing factor. The heated extracts possessed definite antifertilizin activity 
(Table 1). The heat stability of antifertilizin from sperm of sea urchins (Frank, 
1939), and the key-hole limpet (Tyler, 1939) has been previously described. 
Weak antifertilizin activity was also evident in untreated extracts at pH 8. A faint 
precipitation membrane appeared on the surface of the fertilizin coat about two 
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minutes after the addition of extract, but disappeared after 5 minutes under thi 
fluence of the dispersing factor. This point was further illustrated by experiments 


with heated extracts possessing stronger antifertilizin activity. The heated ex 
tracts (70° C. for 5-10 minutes) formed definite precipitation membranes on the 
fertilizin coat after two minutes (Fig. la). The precipitation membrane so formed 
did not contract to the egg surface, but remained in the position in which it was 
originally formed for as long as 24 hours (with no dispersal of the egg coat ) \d 


dition of unheated sperm extract at pH 8 caused the disappearance of the precipita 
tion membrane, and, after 10-15 minutes, the dispersal of the gelatinous coat 
(Fig. lb). 

Experiments involving the addition of extract to eggs up to five minutes prior 
to the addition of sperm showed that fertilization is not enhanced by this treatment 
The fertilization membrane was elevated within three minutes regardless of the 
presence or absence of the extract. The sperm are apparently supplied with enough 
dispersing factor to make their way through the gelatinous coat material. More- 
over, the gelatinous coat is not dispersed by the dilute suspensions usually employed 
for insemination. In this respect, the situation parallels that of hyaluronidase of 
mammalian sperm, in that hyaluronidase added to inseminates does not enhance 
fertilization (Chang, 1947; Leonard et al., 1947). 

The Mellita sperm extracts were not tested on eggs of other species, and the de 
gree of specificity of the dispersing agent is therefore not known at this time. An 
extract of frozen Arbacia punctulata sperm (5% suspension) failed to cause the re- 
lease of the echinochrome granules of Mellita eggs, but showed strong antifertilizin 


activity (the precipitation membrane with enclosed granules contracted to the egg 
surface in 5 minutes). Addition of extract of Mellita sperm, at pH 8.0, caused the 


gradual disappearance of the precipitation membrane formed by the Arbacia anti- 
fertilizin, and release of the echinochrome granules following dispersal of the fer 
tilizin coat. In this connection, it is of interest that a fresh suspension of Mellita 
sperm was capable of fertilizing eggs treated with Arbacia antifertilizin, in the 
presence or absence of extract of Mellita sperm, indicating the ability of live sperm 
to penetrate precipitation membranes. 

Further experiments were performed in the hope of discovering the means by 
which the Mellita sperm extract accomplished the dispersal of the gelatinous coat 
\ fertilizin solution, prepared by acid (pH 4) treatment of Mellita eggs, with a 
sperm-agglutination titer of 1: 1000, was gently shaken with an equal volum« of 
sperm extract at pH 8 for 60 minutes at 25° C. No decrease in titer of the fertilizin 
solution was evident at the end of the experiment. The sperm extract used in this 
experiment had been previously shown to disperse the gelatinous coat in 10 minutes, 
and showed no sperm-agglutinating property. The experiment indicated that no 
degradation of the fertilizin molecule resulting in loss of agglutinating activity oc 
curred in the presence of the extract. Most probably, the dispersal of the gelatinous 
coat by sperm extract is accomplished by depolymerization of the gelatinous coat 
material, and not by splitting of individual fertilizin molecules. 


DISCUSSION 


Since the dispersing factor is heat-labile under conditions where antifertilizin 1s 
stable, it seems reasonable to consider them to be separate substances. This con- 
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clusion is supported by the failure of strong antifertilizin solutions to cause dis- 
persal of the gelatinous coat, even though a precipitation membrane forms and, in 
some instances, contracts to the surface. One can distinguish, therefore, between 
the dispersal of the gelatinous coat and its precipitation. Further, acid treatment of 
sperm or sperm extracts, a procedure not infrequently used for antifertilizin extrac- 
tion from whole sperm (Tyler and O’Melveny, 1941), results in the inactivation of 
the dispersing factor, again indicating that the dispersing factor and antifertilizin are 
separate substances. Since the respiration of such acid-treated sperm is most 
probably normal (Tyler and O’Melveny, 1941), carbon dioxide is probably not 
involved in the dispersal of the gelatinous coat. The observed temperature and 
pH sensitivity of the dispersing factor suggest that it is protein in nature, possibly an 
enzyme. 

The dispersing factor of Mellita sperm apparently does not act on fertilizin in 
solution, but only serves to liquify or disperse the gelatinous coat. If the fertilizin, 
in the gel state, is bound by cross linkages involving the area of the molecule ca- 
pable of combining with antifertilizin, as Tyler (1948) suggests, the dispersing 
factor may operate by breaking such cross linkages, thereby releasing fertilizin from 
the gel. Further, the dissolution of fertilizin-antifertilizin precipitation membranes 
by extracts containing the dispersing factor may be due to the breaking of linkages at 
the fertilizin-antifertilizin combining site. Further experiments are necessary be- 
fore the relationship of the dispersing factor to the fertilizin-antifertilizin reaction can 
be stated with certainty. 


SUMMARY 


1. A factor causing the dispersal of the gelatinous coat of Mellita eggs was shown 
to be present on the surface of Mellita sperm and in frozen-thawed extracts of sperm 
suspensions. 

2. The factor was separable from antifertilizin on the basis of temperature and 
pH sensitivity. 

3. The factor did not degrade fertilizin in solution, but released this substance 
from the gel surrounding the egg. 

4. Active extracts were capable of dissolving fertilizin-antifertilizin precipitation 
membranes, formed on the surface of the fertilizin coat of unfertilized eggs in the 
presence of Arbacia or Mellita antifertilizin. 
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AN EXOGENOUS REFERENCE-CLOCK FOR PERSISTENT, 
TEMPERATURE-INDEPENDENT, LABILE, 
BIOLOGICAL RHYTHMS ?? 


FRANK A. BROWN, JR. 


Department of Biological Sciences, Northwestern University, Evanston, Illinois 


The phenomenon of persistent rhythmicity of one or more of their vital processes 
is widespread among animals and plants. By persistent rhythmicity is meant that 
the rhythm still continues when conditions are held constant with respect to all fac- 
tors generally conceded to influence the organisms. 

Reviews of this subject have included those by Biinning (1936, 1956a, 1956b), 
Jores (1937), Kalmus (1938), Welsh (1938), Park (1940), Kleitman (1949), 
Calhoun (1944, 1945-46), Korringa (1947), Webb (1950), Caspers (1951), 
Cloudsley-Thompson (1953), Bruce and Pittendrigh (1957), and Brown (1957d, 
1958). The broad distribution of such rhythmicity is suggestive of an hypothesis 
that all living things have potentially the means of persistent rhythmicity provided 
it has a period close to that of one of the natural geophysical rhythms. The organis- 
mic rhythms usually are essentially temperature-independent in their frequencies, 
whether the periods are solar-daily, lunar or annual. 

Most of the observed rhythms are clearly endogenous, and are labilely adaptable 
in form and phase relationships to the needs of the organism. Much has been 
learned, particularly in recent years, as to the properties, including modifiability, of 
this endogenous rhythmicity. The fundamental problem, however, that of the tim- 
ing mechanism of the rhythmic periods, has largely eluded any eminently reasonable 
hypotheses in terms of cell physiology or biochemistry. The problem was already 
a difficult one when only solar-daily cyclicity was under consideration, but especially 
in recent years it has been found that one and the same organism may simultaneously 
possess overt daily and lunar tidal cycles of two bodily processes. Further, the 
possession of persistent lunar monthly (Brown, Bennett and Webb, 1958) and 
even annual cycles (Binning and Miissle, 1951; Biinning and Bauer, 1952; Brown, 
1957c) in constant conditions has emphasized the magnitude and complexity of this 
basic problem. 

Added to the property, temperature-independence, in indicating the unconven- 
tional character of the rhythm-timing mechanisms, are the repeated demonstrations 
of the immunity of the frequency-determining mechanism to most metabolic poisons. 

Recently, evidence has been rapidly accumulating pointing to the possession by 
living organisms of basic metabolic cycles of the natural geophysical frequencies, 
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produced in the organism by an external cyclic stimulus still operative in so-called 
laboratory constant conditions (Brown, 1957; Brown, Shriner and Webb, 1957; 
and Brown, Webb and Macey, 1957). These cycles are not phase- or form-labile, 
The problem of a common explanation for persistent rhythmicities of all the well- 
known natural frequencies including the year becomes at once more susceptible 
to reasonable working hypotheses as to their mechanism when it is firmly estab- 
lished that protoplasm in “constant conditions” is, fundamentally, exogenously 
rhythmic. . 

For the study to be reported here, the potato and carrot were selected as organ- 
isms neither of which appears to possess any obscuring, labile, endogenous rhythms. 
It was considered that such organisms would reveal most readily any extant basic 
protoplasmic cyclicities and also permit easier analysis of any mechanisms they 
involved. 

On the basis of this hypothesis, of an exogenous reference clock providing the 
timing of cyclic periods, the often-described endogenous rhythms would be con- 
sidered a consequence of the evolution by the organism of adaptive labile cyclic 
changes, utilizing the basic exogenous cycle-timing mechanism. The endogenous 
mechanisms could be inherited. The only inherited aspect of the exogenous 
cyclicity would be the fundamental protoplasmic responsive systems which are 
involved. 
MATERIALS AND METHODS 


The potatoes, Solanum tuberosum, were of the Idaho variety and were pur- 
chased from local grocery stores. The carrots, Daucus carota, were similarly pur- 
chased from local stores. Using a cork-borer, small cylinders, 2.2 cm. in diameter 
and about 1.5 cm. tall, were prepared from the potatoes in such a manner that each 
carried an eye on the center of its upper surface. These were permitted to heal 
their cut surfaces before being set, in shallow water, in respirometer vessels where 
the same individual organisms were retained up to three or more months. These 
always gave rise to sprouts and usually also to a root system, and in some instances 
even developed new tubers up to a centimeter or more in diameter during their 
sojourn in the respirometers. For the carrots, short cylindrical sections, about the 
size of the potato-cylinders, were cut and allowed to heal over before being placed in 
respirometers. 

The respirometers have been described earlier. These were originally designed 
by Brown (1954) and later modified (Brown, 1957a) to permit maintenance of 
constant pressure. 

Five independent barostat-respirometer ensembles, each with 4 respirometers 
recording as a unit, were in nearly continuous operation during the period of study, 
Feb. 1, 1956 through Feb. 28, 1958. The potatoes in the respirometers were in 
constant illumination (estimated at 0.05 ft. c. at the site of the plants) from incan- 
descent lamps supplied by a voltage-regulated line. The temperature, 20° C., was 
maintained constant by the respirometers being immersed in a large non-stirred, 
copper water-bath (the barostat) deeply immersed in an outer, stirred, steel (55-gal. 
drum) water bath, with the latter cycling with a few-minute period within a + 0.05° 
C. range. The pressure was kept constant, 28.5 in. Hg, through hermetically seal- 
ing the respirometer-recorder-containing barostat and then aspirating the system to 
this level. Oxygen and CO, tensions were maintained essentially constant through 
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use of the principle of continuous O,-replacement together with CO, absorbents, 
and there were clearly no regularly cyclic fluctuations in these substances. Also, 
the sealed, water-included systems allowed for no changes in humidity. 

With a single exception (12 days) the copper tanks, or barostats, remained 
sealed for periods ranging from 2 to 8 days, with an average of 4.46 days. At these 
intervals the organisms were exposed for 15-20 minutes to laboratory conditions 
which were relatively constant over the year. No work was done within 15 feet 
of outside windows; the laboratory fluorescent illumination at table top was about 
45 ft. c. (The carrot study was carried out wholly in a dark-room without any 
natural illumination.) The room temperature was relatively constant, about 75° 
F., except for slightly higher values during the summer months. The barostats 
were opened at various hours of the day from 8 AM to 10 PM. Excluding those 
days the respirometers were opened to renew the O, and the CO, absorbent, a total 
of 2485 uninterrupted calendar days of data were obtained. 

The recording systems of the respirometers possessed two points of slight me- 
chanical frictional resistance, a) a two-point pivotal, spring-scale bearing, and b) 
the point of contact of the ink-writing pen with the slowly moving paper. These 
resulted in random, spurious apparent intra-hour fluctuations in rate of O,-con- 
sumption. Since the principle of operation of the recorder was one with which the 
hourly values of O,-consumption were obtained by calculating the differences be- 
tween consecutive hourly markers on a continuing trend-line denoting cumulative 
O,-consumption, these spurious fluctuations in apparent rate could, and undoubtedly 
did, produce larger hour-to-hour differences than bore any significance. Hence, 
time units of less than three hours (three-hour “moving means”) were never used 
in determining the mean rates centered on any given hour. By this means the 
random mechanically induced error was reduced to about one-third its single-hour 
influence. For most of the study reported here, a weighted (1:2: 
seven-hour “moving mean” was used. This reduced by essentially 90% the ran- 
dom fluctuations while retaining all the precision of measurement of average, actual, 
O,-consumption for this longer interval, as modified by its weighted character. 
The shorter period, three-hour, means were found necessary, however, to expose the 
relationship between day-by-day 6 AM deviations in O,-consumption from daily 
linear trends and the concurrent day-by-day mean rates of barometric pressure 
change for the 2-6 AM interval. Although some clearly significant short-period 
fluctuations were obscured, therefore, by the seven-hour weighted “moving means,” 
these were considered superior to the shorter periods for the accurate description of 
the general characters of the longer-period, daily and annual cycles to be described 
herein. 

The records for the five completely independent, respirometer-recording systems 
were first dealt with individually and three-hour and weighted seven-hour “moving 
means” were prepared month by month for the period of study. From the latter 
values were calculated the mean daily rates of O,-consumption and the data were 
then converted into hourly deviations from the solar daily means. The number 
of uninterrupted days of data from the 24 months of study ranged from 93 to 129 
each month. The hourly deviations for all the respirometers operating were aver- 
aged for each calendar day, and these average daily cycles then converted to hourly 
deviations from a 1 AM to 12 midnight linear trend-line. This will be referred to 
as the deviations from linear daily trend. From these data the forms of the mean 
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daily cycles for each month were obtained. The slope of this linear trend-line it- 
self shows apparent monthly and annual periodisms which have been treated else- 
where (Brown, 1957c; Brown, Bennett and Webb, 1958). The trend involved a 
mean daily increase during the two-year study of 6.7%, and included, as a large 








y 4 











DEV. FROM TRE ND 
0D o Bh 


+ 









AN Z% 
oO 


= 


DEV. FROM DAILY ME 


+ 










12 
HOUR OF DAY 


Figure 1. A. The mean solar-day cycle of O.-consumption in the potato (solid line) with 
standard errors for selected hours. This is expressed as % deviations from linear daily trend. 
The dashed curve is the cycle for the first year of study, the dotted curve, for the second. B. 
The mean apparent sidereal-day cycle of the potato for the two-year period of study. 
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component, the apparent smoothly gradual recovery over a 3- to 5-day period, from 
the inhibitory influence of the room-illumination intensity. The mechanical re- 
cording system, itself, departed from linearity over its total range by 10%, departing 
in such a direction that there would be expected on this basis an average of about 
2% increase per day. 










EXOGENOUS BIOLOGICAL RHYTHMICITY 85 


An entirely independent and parallel study was made of O,-consumption of the 
sections of the carrots, for the 8-month period Oct. 1, 1956 through May 31, 1957. 
Two respirometer-barostat ensembles were employed for the first three months, and 
four for the remaining five months. These were maintained in darkness in a photo- 
graphic darkroom about 60 feet away from the place of the potato study, but simi- 
larly on the ground floor of Cresap Biological Laboratory, a three-story steel and 
mortar building. The respirometers were maintained and the data processed by 
a person not involved until the termination of the carrot study in the paralleling and 
continuing potato study. 
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Ficure 2. The relationship between average % noon deviation in O,-consumption in the 
potato from linear daily trend and month of year during the 25-month study. Standard errors 
of means are shown. 


RESULTS 


During the period, Feb. 1, 1956 through Feb. 28, 1958, in the study of the potato, 
the only days omitted were May 25, the month of June and the first three days of 
July, 1956, and October 4, 1957. 

The form of the mean daily deviation from trend, expressed as percentage of 
the daily mean rate, is shown, with the standard errors of arbitrarily selected mean 
values, in the solid-line curve of Figure 1, A. The errors of the other values are 
quite comparable in size. Superimposed on this are the mean cycles for each of the 
two years separately: Feb. 1, 1956 through Jan. 31, 1957 (the dashed curve) and 
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Ficure 3. The forms of the average daily cycles for each month of the year obtained in the two- 
year study. The ordinate values are deviations in comparable arbitrary units. 
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Feb. 1, 1957 through Jan. 31, 1958 (the dotted curve). The average amplitude of 
the daily cycle was clearly quite reproducible for the two years at about 3.7%. 
There was also clear suggestion, in the skewed cycle form, of a bimodality with 
morning and afternoon maxima, a condition more conspicuous for the second than 
for the first year of study. The mean sidereal-day cycle (23 hours, 56.07 minutes) 
for the two-year period is shown in Figure 1, B. This was obtained by displacing 
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Ficure 4. The relationship between the noon deviations in O,-consumption from linear daily 
trend and calendar month in the carrot during an 8-month study. The standard errors are 
depicted. 


the consecutive mean monthly solar-day cycles each by two hours to the right dur- 
ing the two-year period, to bring into reasonably close synchrony (+ 1 hour) the 
hours of the sidereal day. The numbered hours are fixed by the solar-day hours 
of the first month, February, 1956. This process also randomizes daily trend. 

The form and amplitude of the solar daily cycle showed differences from month 
to month which revealed that it was undergoing a modulation of an annual fre- 
quency. This was quite evident when one used, for example, the parameter of 
average monthly noon deviation, in percentage, from 1 AM to midnight daily 
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linear trend. The deviations, month-by-month, for the period Feb. 1, 1956 
through Feb. 28, 1958, together with their standard errors, are depicted in Figure 2, 
These indicate minimum annual values, involving often even apparent cycle inver- 
sion, during the coldest months of the year and a major maximum in the month 
of October. A lesser, or incipient, maximum occurred in April-May. The maxi- 
mum range is seen to extend from — 3.4% to + 14.2%. 

An annual cycle in over-all form of the mean daily cycles for the months of the 
year is evident in Figure 3, where twelve average cycles, the means for two years, 
have been plotted in terms of average deviation in arbitrary units from linear-trend. 
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Figure 5. A comparison, for the same 8-month period of study, of the forms of the mean 
daily cycles for carrots (A) and potatoes (B). Solid curves show the mean cycles for the whole 
8-month period. The dashed curves show the average cycles for October, November, April, and 
May. The dotted curves show the average cycles for December, January, February, and 
March. Standard errors of selected times of day are shown. 






Although these data are not expressed as percentage deviations, they do illustrate the 
gradually-changing form of the cycles from unimodality with essential inversion in 
February, but with a 7 PM maximum, through a period of bimodality with the two 
daily maxima gradually converging towards noon to reach unimodality with a 
maximum at 11 AM in October. Thereafter, bimodality reappears and continues, 
becoming only feebly evident as an apparent residual in the essentially unimodal in- 
verted cycle of January which like the succeeding month, February, has a 7 PM 
maximum. 

The study of the carrot revealed striking similarity of its major mean cycles 
with those of the potato. Figure 4 shows the mean % noon deviation from linear 
trend for each of the eight months. Like the results obtained with the potato for 
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the same calendar period, this passed from an early-fall higher value, through a 
winter minimum and back to a higher spring value. Fewer data were available dur- 
ing the first three months, hence the errors were larger. The range was less than 
for the potatoes. Figure 5, A and B solid curves, compares the mean 8-month daily 
cycles for the carrot and potato, and the average cycles for the two fall and two 
spring months (dashed curves) as compared with those for the four intervening 
colder months (dotted curves), The similarities of these two widely different 
kinds of plants and plant portions (roots vs. stems) for the same periods, in the Y 
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igure 6. The relationship between mean rates of O,-consumption and each of the 24 
months studied during 1956, 1957, and 1958, and time of year. Standard errors of the means 
are indicated. 


amplitudes of the fluctuations, in the times and the changing times with time of year 
of the primary maxima, and in the times of secondary, or incipient, maxima, are 
strikingly apparent from the figures. 

A second kind of annual cycle appears also present in the data. This is in the 
mean daily metabolic rates. In Figure 6, are to be found the mean monthly rates 
of O,-consumption, in arbitrary units, for each of the 24 months of study, together 
with their standard errors. Two conclusions are evident from the figure: (1) 
The maximum rate of O,-consumption occurs in the April-May period of the year 
and minimum rate in October-November. The rate for the former period ap- 
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TABLE | 


Signs of the average monthly correlations of the 6 AM deviations from linear 
trend with the mean 2-6 AM rate of barometric pressure change 





Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Year 1 _ — _- + + T + + - - 
Year 2 -|—-|+}4+i+e{> +i +i] +i] +ti+i-|{- 


Year 3 - 


proaches twice that of the latter. (2) The mean rates for corresponding months of 
the two consecutive years may be quite significantly different from one another, sug- 
gestive of a specific, time-environmental factor involved in an exogenous regulation. 
There is nothing in these data to suggest other than that the mean form of this 
annual cycle will ultimately be found essentially sinusoidal. 

In view of the correlations highly significantly different from zero earlier re- 
ported (Brown, 1957a) to exist between the 5-6-7 AM mean deviations (without 
sign) in O,-consumption from the daily means and the mean 2-6 AM rates of baro- 
metric pressure change, this relationship was examined for the two-year period 
involved here. Three-hour values of O,-consumption centered on 6 AM were re- 
corded as deviations from linear daily trend, and three-day moving means calcu- 
lated. These were correlated with comparable three-day moving means of the av- 
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Ficure 7. A. Solid line: An outline of the general form of the scatterplot between mean 
2-6 AM rate of barometric pressure change and the 5-6-7 AM mean deviation of rate O.-con- 
sumption from daily trend for the same day during the “colder” months (see text). Broken 
line: The same for the “warmer” months. Data for both involve three-day moving means. 
The two patterns together include 98% of all points. B. An outline of the form of the scatter- 
plot (97% of all points) between % noon deviations from linear trend in potatoes in constant 
conditions and concurrent outdoor air temperature, taken from data of 149 non-overlapping 
three-day averages. 
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erage 2-6 AM rate of barometric pressure change, for the corresponding days. It 
should be emphasized that only a single value was used for each day for each phe- 
nomenon ; hence, this did not involve a correlation of parallel daily cyclic trends. A 
positive coefficient, highly significantly different from zero, was obtained. This 
correlation, as one would anticipate in view of the essentially aperiodic, large cli- 
matic barometric pressure changes, rapidly drops to insignificance as one correlates 
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Figure 8. The regressional relationship of the average three-hour rate of O.-consumption 

of the potato centered on 6 AM, and expressed as deviation from linear daily trend, on the 

verage rate of barometric pressure change during the 2-6 AM interval for the same morning 

x the colder months of the year (see Table 1). P< 0.005. B. The relationship comparable to 
that in A, but for the warmer months of the year (see Table 1). P< 0.001. 
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in increasing lag on lead relationships up to two to three days (Brown, 1957a) indi- 
cating a direct response of the organisms to some pressure-change-correlated ex- 
ternal variable. But this relationship was found to contain a characteristic sign- 
change twice a year as seen in Table I. In this table, a dash indicates those months 
in which there was a negative correlation between the rate of the 2-6 AM baro- 
metric pressure change and the 6 AM deviation, without sign, from linear trend. 
The form of the scatterplot relationship for the 299 days of this negative period is 
outlined by the solid curve (encloses 91% of the points) in Figure 7, A. The re- 
gressional relationship of the deviation in O.,-consumption, without sign, upon pres- 
sure change is seen in Figure 8, A. During the + months, on the other hand, there 
was a positive correlation between the rate of 2-6 AM barometric pressure change 
and the 6 AM deviation in O,-consumption from linear trend. Ninety-one per cent 
of the 389 days in a scatterplot of the relationship for these months fell within the 
broken curve of Figure 7, A (98% of all 688 daily points + or — months fell in the 
areas prescribed by both the solid or broken lines). The regressional relationship 
of O,-consumption on pressure for the + months, with sign, is seen in Figure 8, B. 


TABLE I] 


Signs of the average monthly 2-6 PM change in barometric pressure 


lan. Feb. Mar \pr May June July \ug. Sept. Oct. Nov. Dec. 


Year 1 + + + — 
Year 2 + - - 
Year 3 


Since in the warmer, positive, months of the year, the overwhelming mass of the 
deviations was +, it was not possible to find any real difference between the corre- 
lations whether the deviations were treated with, or without, sign. In the colder, 
negative, months, on the other hand, about half of the deviations were negative, and 
the range of the latter as great as for positive deviations. 

In view of the earlier report (Brown, 1957a) of comparable correlations be- 
tween the 6 PM deviation in O,-consumption from daily mean values in potatoes, 
and the afternoon rate of barometric pressure change, and also correlations with 
the mean daily pressure of the second day thereafter (Brown, Webb and Macey, 
1957), the former relationship including signs, it is of interest to compare the an- 
nual cycle in the sign of the average 2-6 PM barometric pressure change. These 
are seen in Table II. 

The similarities between Tables I and II suggest that this aspect of organismic 
annual cyclicity, involving the mean forms of daily cycles, might in some manner 
be caused by a factor whose daily fluctuation reflects the annual cycle in form of the 
well-known mean daily tidal atmospheric pressure cycles. In these daily pressure 
cycles, the time of the morning maximum remains relatively fixed throughout the 
year at 9-10 AM, but the afternoon, major minimum of the day gradually shifts from 
about 2 PM in winter to about 7 PM in summer. This last is the basis for the sign 
changes in Table II. Thus, any pressure-correlated effective external physical 
factor could provide such an annual cycle in the daily cycles as that described herein. 
Another clearly evident correlation is seen in the relationship of the % noon de- 
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viation from linear trend in the potato to the concurrent outside mean daily air 
temperatures. A two-year study of the comparison of non-overlapping three-day 
periods of air-temperature and of noon deviation of the daily cycles in constant con- 
ditions yields a scatter plot relationship as illustrated in Figure 7, B. The line in- 
cludes 97% of the 149 values. The regressional relationship of noon-deviation of 
the potatoes on temperature (using 5° F. class intervals) is illustrated in Figure 9. 
The relationship seems adequately described as a linear one, but with a sign change 
near 57.5° F. Calculation of the coefficient of correlation for noon deviation in 
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Figure 9. The regressional relationship of the noon deviation in O,-consumption in the 
potato, expressed as % deviation from daily linear trend on simultaneous outdoor air 
temperature. 


O,-consumption with the + deviation in temperature from 57.5° F., yielded a value 
of — 0.51 + 0.049. This clearly indicates that the external factor responsible for 
the 24.0-hour cycles of metabolism is correlated in its fluctuations with air tempera- 
ture, resulting in a condition where a spurious organismic Q,, of cycle amplitude of 
more than 3 could be apparent (e.g., in range 32.5° to 52.5° F.). This provides 
another piece of information which will probably lead eventually to identification 
of the still unknown external factor responsible for the organismic basic periodisms. 

That the relationship to temperature is rather substantial, is given further sup- 
port in that the regressional relationship of noon deviation on temperature exhibited 
a sign change about 57° F. in the first year, 1956-57, just as it did again in the sec- 
ond, 1957-58, despite the fact that in 1956 there was no clear absolute summer de- 


5 These data were generously provided to me by the Chicago Office of the U. S. Weather 
Bureau. 
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cline in amplitude of the mean monthly cycles (Fig. 2) as was found in 1957, 
Also, during the winter months the correlations are observed (Fig. 9) to continue 
in the same linear relationship even at temperatures lower than the lowest mean 
monthly ones in the two years involved in this correlation (29.4°, 28.7°, 18.8°, 27.3°, 
and 26.3° F.) which averaged about 26° F. These last facts suggested intra-month 
significant temperature correlations which were borne out by investigation of the 
correlations using the data of the five coldest months now expressed as deviations 
from monthly means. The correlations continued in temperature ranges well ex- 
ceeding any mean month-to-month difference. 

Again, using the data for both of the two years, the transitional months, April, 
May, October, with a mean temperature of 54.8° F. (47.2, 60.5, 60.8, 49.5, 58.8, 
52.0), expressed as deviations from monthly means, the critical temperature for 
sign change was again quite apparent. Finally, employing the warmest months of 
the year, June, July, August, and September with a mean temperature of 71.1° F., 
(72.9, 74.1, 65.0, 71.2, 76.4, 73.4, 64.2), there was a suggestion of the existence of 
a second sign change with again a positive correlation at the higher temperature. 
The number of high-temperature days was insufficient, however, to enable resolu- 


tion of this last point. 


DISCUSSION 


From the foregoing results it is evident that potatoes, and apparently the car- 
rots too, display a quite reproducible mean solar daily cycle provided adequately 
long periods of time are used to render random the influences of such modulating 
longer cycles as a lunar day (Brown, Freeland and Ralph, 1955), a synodic month 
(Brown, Freeland and Ralph, 1955; Brown, Bennett and Webb, 1958), and, in this 
report, a low amplitude apparent sidereal day, and an annual cycle. These described 
mean solar-day cycles are obviously of quite precise 24.0-hour frequency, and ade- 
quate evidence is at hand to be assured, beyond all reasonable doubt, that these 
have their frequency exogenously determined. This last conclusion is assured 
in part through the well-known knowledge that there are solar-day tidal rhythms of 
atmospheric pressure, together with the fact that the living organism has access to 
information of them through its responses to the day-to-day, essentially random, 
weather-induced, disturbances in their regularity. That the factor influencing the 
organism is not pressure itself, is evident from the fact that these and other experi- 
ments have involved organisms maintained for long periods in constant pressure. 
The external factor which is involved appears to have its primary action upon the 
organism at the times correlated with the early-morning rise in barometric pressure 
and the afternoon fall. These would presumably be the times of most rapid change 
in physical factors fluctuating with the day-night cycle, and hence be the times of 
their maximal stimulative effectiveness. 

As pointed out earlier in this report, the presence of the well-known annual 
change in the form of the daily, tidal, barometric pressure cycles, and the de- 
scribed response of the organism in the late afternoon to a pressure-correlated ex- 
ternal variable would have led to the prediction of the occurrence of an annual cycle 
in the form of the daily cycles. Such a prediction has been fulfilled in this study. 
This adds still further, therefore, to the assurance that the forms of the daily basic 
metabolic oscillations in living organisms are exogenous. 
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Since background radiation, too, possesses good mean solar-day cyclicity, and 
the organism follows the essentially random fluctuations in its cycle amplitudes from 
day-to-day (Brown, Shriner and Webb, 1957) very safely beyond what would be 
expected through chance, when and only when contemporary data are correlated, 
this constitutes a third line of evidence for exogenous origin of mean daily metabolic 
cycles. 

The existence of an annual cycle in the potato in constant illumination, tempera- 
ture, pressure, etc., was reported earlier for fluctuations in linear daily trend 
(Brown, 1957c), as were also synodic monthly cycles of this parameter (Brown, 
Bennett and Webb, 1958). In this paper there is described an apparent annual 
cycle in basic metabolic rate, a cycle which appears to be of simple sinusoidal char- 
acter with maximum in April-May and minimum in October-November. This 
cycle involves an approximate doubling of rate in passing from minimum to maxi- 
mum values in the annual cycle. Comparable, synodic monthly, cycles in metabolic 
rate in potatoes (Brown, Bennett and Webb, 1958) involved, as the average during 
a year of study, about a 15% increase from minimum (new moon) to maximum 
(third quarter) values. By further comparison, the amplitude of the daily cycles, 
though undoubtedly artificially depressed through the use of the seven-hour weighted 
moving means, displayed about a 3.7% increase from midnight minimum to 6 PM 
maximum values. 

The regressional relationship of amplitude of the daily cycles on mean daily 
temperature for three-day periods (Fig. 9), with its coefficient of determination of 
about 0.26, and its critical temperature for sign-reversal, together with the earlier 
barometric-pressure-change reversing correlation, suggests again the exogenous 
origin of this daily cycle period, and, at least in large measure, also cycle form. 
This is especially true, since the relationship to temperature seems to persist into 
the weather-correlated, intra-month, temperature fluctuations. 

In examining Figure 9 and noting the relationship of cycle amplitude to tem- 
perature, and recalling that the mean daily temperature range is about 16° F., with 
not very uncommonly single days with ranges up to 25° to 30° F., one is tempted 
to postulate that the factor that is responsible for transmitting to the organism in 
“constant conditions” information on outside air-temperature, is, through its tempera- 
ture-correlated fluctuations alone, contributing importantly to the 24-hour periodic 
metabolic fluctuations themselves. In support of this hypothesis is the rough simi- 
larity in the average forms of the annual fluctuations in the amplitudes of ground- 
level daily temperature change and metabolic cycles. Both, as average for the two 
years, showed lowest values in the coldest winter months and highest values in late 
spring and late summer to early fall, with a summer amplitude reduction. The re- 
lationship between these two phenomena is seen in Figure 10. The October peak, 
so conspicuous for the metabolic cycles, is much less evident for the temperature 
changes. 


For each year this relationship between these two phenomena appeared to trace 
out general ovoid form. The two-year mean month-by-month relationship is shown 
by the numerals 1 (January) through 12 (December), and the dotted ovoid curve 
roughly traces their course. It is interesting to speculate that this difference be- 
tween the organismic and temperature annual cycles may find its explanation in the 
changing natural smog content of the atmosphere. The terpenes, volatilized from 
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plants, polymerized by the ultra violet light from sun, reach a maximum in October 
(personal communication from Professor F. W. Went). This smog may, through 
influencing the amount of heat absorption from sunlight, produce in October the 
highest amplitude daily temperature changes of the year at levels in the atmosphere 
where temperature changes produce greatest influence upon the factor directly af- 
fecting the organism. One process, known to be temperature-dependent, is the rate 
of spontaneous decay of cosmic-ray-derived mesons. The larger the atmospheric 
depth involved in the temperature change, in this instance, the larger would be ex- 
pected the temperature influence. 
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igure 10. The relationship between mean monthly daily temperature ranges and the 
mean monthly noon deviations in O.-consumption from daily trend. The Arabic numerals in- 
dicate the mean monthly relationships for both of the years, with January as 1, February as 2, 
March as 3, etc. 


Now that it appears true beyond reasonable doubt that the living organism, as 
part of its cyclic geophysical environment, is exhibiting metabolic cycles with the 
natural solar day, lunar, and annual periods, the question arises as to what the re- 
lationship of these metabolic cycles might be to the well-known endogenous physio- 
logical and behavior cycles which have been abundantly described, especially dur- 
ing the past fifty years for species representing the gamut of the animal and plant 
kingdoms. Those studied experimentally have included especially the sleep-move- 
ments of plants, the spontaneous motor activity of numerous animals, physical and 
chemical adaptation of compound eyes, integumentary color changes, eclosion in 
flies, learned periodic behavior in insects and lunar-tidal rhythms of color-change 
and of motor activity. These cycles are clearly endogenous in most instances since 
the forms and phase relationships of the cycles relative to external physical ones 
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may be modified by appropriate treatment of the organism and will persist for a 
few, and often many, cycles. The endogenous cycles also may gradually drift away 
from their initial phase relationships when placed in constant conditions away from 
cyclic light and temperature changes. The rate of drift is characteristically a func- 
tion of the constant illumination, or constant-temperature, level; brighter light be- 
haves usually like higher temperature. But in some other instances the cycles show 
no measurable drift over long periods, behaving in their precision, therefore, more 
like the mean metabolic cycles. Also, cycles of quite other periods than the natural 
daily ones may be directly induced by light, for example, but the organism there- 
after placed in constant conditions reverts at once to daily cycles. 

The characteristic of essential temperature-independence of the cycle-frequencies, 
whether one deals with solar-day, lunar, or annual ones, made it rather improbable 
that the basic frequency-determining mechanism was endogenous. However, one 
hypothesis that has been rather widely entertained bears the assumption of the pos- 
session by the organisms of accurate, fully autonomous, endogenous biological clocks 
timing all the natural period lengths. Although the majority of investigators have 
always cautiously dissociated the possible clock mechanism from the endogenous 
physiological cycles studied and whose frequencies they appeared to regulate, some of 
the more recent supporters of this hypothesis of an autonomous endogenous clock 
have uncritically identified the fundamental clock system with each of the various 
observed endogenous and labile physiological cycles studied. On the basis of this 
quite unjustified assumption, the postulated clock is then usually considered to have 
all the properties demonstrable for these clock-regulated, and undoubtedly endoge- 
nous, cycles. 

None of the several hypotheses suggested for the independent biological clock, 
however, have satisfactorily resolved the problem of the determination, in an es- 
sentially temperature-independent manner, the exact intervals of the turning points 
in the persisting cycles. So-called endogenous rhythms with single cycles ranging 
from 24 hours to a year in length cannot readily be conceived in terms of any fully 
autonomous mechanism based upon the reaction kinetics of any biochemical, or 
biophysico-chemical, systems with which we are now familiar. 

An alternative hypothesis, advanced by Brown (1957b), proposed that the basic 
mechanism of temperature-independence of the frequency of biological rhythms in 
“constant conditions” involves the operation of a cyclic exogenous stimulus operat- 
ing upon a responsive protoplasmic system, and giving rise in all cells to systematic 
fluctuations containing all the major natural periodisms of the external environment. 
These could then be readily used by the organism in timing its endogenous cycles. 
The latter could be considered as bearing any pre-set, fixed lag or lead relationship, 
or even possess a smoothly and continuously drifting relationship, thus providing 
endogenous cycles of frequencies differing slightly in lengths from 24 hours. The 
often-reported small influence of light and temperature level on cycle length in 
constant conditions can well operate through influencing the coupling mechanism 
between the exogenous basic clocks and the endogenous organismic rhythms. 

We still do not know whether the exogenous daily clocks operate on a universal 
or local-time basis. It is even quite possible that both kinds of cyclic elements are 
present, each through correlation with other geophysical factors possessing one or 
other of these two cyclic characters, e.g. atmospheric electrical potential change (uni- 
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versal time) ; tides of atmospheric pressure (local time). The existence, however, 
of exogenous daily cycles has been demonstrated by means of local-time-related, 
aperiodic phenomena, which are in good measure superimposed on the local-time- 
related tides of the atmosphere. 

It is evident that the solar daily cycle described in this research is clearly of solar- 
day rather than sidereal-day length. The possible existence of a cycle of the latter 
period-length was investigated. The existence of one was suggested by the annual 
cycle involving a positive to negative deviation about 1 AM-to-midnight linear daily 
trend (Fig. 2), and by the apparent gradual shifting of the solar-day maximum 
across the day (Fig. 3). This day, being 3.93 minutes shorter than the solar day, 
would be expected to scan the solar day almost exactly once each year. Similarities 
in the form of mean-metabolic cycles with cosmic radiation ones (Brown, Webb 
and Bennett, 1958) and of metabolic cycle amplitude with background radiation 
cycle amplitude (about half of this radiation is thought to be of cosmic-ray-origin), 
both give further likelihood for the existence of such a period-length in the living 
organism. The mean, apparent sidereal-day cycle which was found showed an am- 
plitude of less than 2%. However, in view of the extreme closeness of the period 
of the year to the length of the cycle of periodic reinforcement of solar-day with 
sidereal-day cycles, many years of data would obviously be required to resolve the 
problem of the relative roles of the sidereal day and annual cyclicities in the produc- 
tion of the cycle depicted in Figure 1, B. 

It should be emphasized that the low correlations obtained in this study in no 
manner imply that the correlations with the effective agent would be similarly small. 
Correlations between consecutive values in parallel cycles of the same frequencies 
would be expected to be, and are, much higher. The latter, however, could not be 
used to demonstrate the dependence of one cycle upon another or even on a factor 
correlated with the second. The cycles of the effective factor may be substantially 
more regular, and its correlations with organismic metabolism of a much higher 


order. 


SUMMARY 


1. Oxygen-consumption was monitored almost continuously in potatoes, So- 
lanum tuberosum, in constant conditions, including pressure, for more than two 
years. A paralleling 8-month study of O,-consumption in carrots, Daucus carota, 
was also made. 

2. The potatoes showed an essentially bimodal mean daily cycle with an average 
amplitude of the major maximum of 3.7%. The cycles for the two years taken 
separately were very closely similar. 

3. The daily cycle exhibited an annual cycle of form change, with cycles uni- 
modal, inverted, with a 7 PM maximum in February and unimodal with an 11 AM 
maximum in October. The intervening months yielded bimodal cycles, with 
graded transitional forms. 

4. The daily cycle and its annual fluctuation in the carrot resembled in great de- 
tail those obtained concurrently for the potato. 

5. An annual cycle in average daily rate of O,-consumption was found in the 
potato. The cycle was essentially sinusoidal with minimum in October-November 
and maximum, the rate about doubled, in April-May. 
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6. Throughout the two years the 5-6-7 AM deviation in O,-consumption from 
linear daily trend was always correlated with the 2-6 AM mean rate of barometric 
pressure change for the same morning. The sign of this correlation exhibited a 
characteristic change twice each year, once in the spring and again in the fall. 

7. For the two-year period of study the amplitude of the daily cycles showed a 
linear correlation with the concurrent outside air-temperature, with the sign of the 
correlation reversing about 57.5° F. With temperature expressed as deviation from 
57.5° F., the coefficient of correlation was — 0.51 + 0.049. 

8. The data suggest the existence of a rhythmic component of sidereal-day length 
in the potatoes. Problems in its final resolution are discussed. 

9. The evidence points quite conclusively to the possession by the organism, even 
in so-called “constant conditions,’ of environmentally imposed oscillations of the 
natural, daily and annual periods. 

10. The fluctuations in the still unidentified, external effective factor appear 
importantly influenced by, and may possibly even in some measure determine, me- 
teorologic changes of temperature and pressure. 

11. The significance of these findings for the problem of the mechanism of the 
basic daily and annual biological “clock” regulating in “constant conditions” the 
well-known endogenous organismic rhythms is discussed at some length. 
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SULFURIC ACID IN DESMARESTIA 


RICHARD W. EPPLEY?!;2? AND CARLTON R. BOVELL 3: 4 


Hopkins Marine Station of Stanford University, Pacific Grove, California 


Several species of Desmarestia accumulate acid in their tissues (Blinks, 1951). 
Kylin (1938) first considered malic acid to be responsible for the low pH values 
of expressed Desmarestia sap. But Wirth and Rigg (1937) and Meeuse (1956) 
identified the acid as sulfuric. The titration curve of Desmarestia sap is that of a 
strong acid; the pH may be as low as 0.78 and sulfate ions are present in high con- 
centration. 

In a review, Blinks (1951) pointed out a correlation between the thickness and 
relative surface area of three California species of Desmarestia and their acid content. 
The pH of the sap of Desmarestia munda, a species with thick blades, is one or less ; 
D. herbacea has somewhat narrower and thinner blades and its sap has a pH of two 
to three ; and D. Jatifrons, the most delicately branched of the three species, is only 
weakly acid with sap of approximately pH five. Blinks also stated that the locality 
of the acid within the algal tissues is unknown, and suggested that it may occur in 
the cell vacuoles. He found that the outer cell membranes were injured by acid, 
and thus it seems unlikely that the acid is free in the cytoplasm. 

Kylin (1938) stained Desmarestia cells with the vital dye, brilliant cresyl blue, 
and observed that the vacuoles appeared purple. He concluded that the vacuolar 
contents were alkaline, because the dye changes from blue to reddish-violet from 
pH 7.0 to 7.5. He apparently overlooked that fact that the dye also changes from 
blue to purple from pH 1.0 to pH 0.7. So his conclusion that the vacuoles are alka- 
line may be questioned. It seems more likely that the vacuoles are strongly acidic. 
This report provides additional evidence that hydrogen ion accounts for a large part 
of the vacuolar cation content of the acid-accumulating species of Desmarestia. 


METHODS AND MATERIALS 


Desmarestia munda and D. herbacea were collected at Pebble Beach, California. 
For comparison, two non acid-accumulating brown algae, Egregia laevigata and 
Dictyoneurum californicum, were also collected. The plants were kept in running 
sea water in the laboratory before use. 

The blades were washed free of sea water in 0.6 M sucrose for five minutes and 
extracted with five per cent trichloracetic acid. Sodium and potassium contents of 
the extracts were determined by flame photometry. Total acidity was determined 
by titration of hot water-extracts of the algae. 
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Amounts of adsorbed cations were assumed to be the same for living and dead 
tissues, hence the values determined for killed tissues were subtracted from those for 
living tissues. The difference may represent the intracellular cation content. The 
apparent osmotic volume of the tissues (Briggs and Robertson, 1957) was estimated 
as the difference in sucrose apparent free space of living and killed tissues (Eppley 
and Blinks, 1957). The tissues were killed by boiling or by soaking in fifty per 
cent ethanol. Ion concentrations are expressed on the basis of the estimated osmotic 








volumes. 

Tissues were placed in a Waring Blendor in 0.8 M “tris” buffer (tris hydroxy- 
methyl amino methane-HC1), initial pH approximately 8.5, blended for five minutes, 
and filtered through cheesecloth for use in methylene blue reduction experiments. 







TABLE | 






The effects of inhibitors of selective permeability on the rate of acid-loss into the medium of Desmarestia 
munda tissues as determined by the time required for color change of methyl orange. 
Tissues in aerated sea water 








Minutes for ; Minutes for 
xs ] ‘ : ; } s for 
xpt. | color change Expt. 2 color change 



































no inhibitor >60 no inhibitor >60 
p-chloromercuribenzoate 12 p-chloromercuribenzoate 14 
(0.0005 M) 16 (0.0005 M) 17 

NaCN (0.001 17) 10 
12 iodoacetate (0.002 1) 2 








RESULTS 





Several experiments indicate that the acid is within the cells, yet not free in 
the cytoplasm. Tissue extracts were capable of reducing methylene blue with a 
variety of substrates, under nitrogen, only if buffered near neutrality. No activity 
was noted in preparations in which the pH of the extract was less than five or if the 
tissues were homogenized in unbuffered sea water. Rates of dye reduction were 
somewhat greater in the presence of ribose and aspartate than with other substrates. 
Some activity was also present in buffered extracts with no substrate added, but 









quantitative studies were not made. 

In other experiments, discs of the thalli, cut out with a two-cm. cork borer, were 
tested for acid loss in sea water in the presence and absence of inhibitors. Samples 
of five or ten discs were placed in ten ml. of sea water containing a drop of methy! 
orange, and the time required for a color change of the indicator was recorded. The 
rate of acid loss was much greater in neutralized sea water in the presence of 
0.0005 M p-chloromercuribenzoate, 0.001 M sodium cyanide, and 0.002 M iodo- 
acetate than in sea water alone (Table I). 

Rates of acid loss in dinitrophenol (0.005 M) were determined by measuring the 
pH of the solution. The curve resulting from a plot of pH against time (Fig. 1) 
suggests an autocatalytic reaction. This autocatalytic injury is implicit in Blinks’ 
(1951) description of the rates of carotenoid color change in Desmarestia as the 















alga dies. 
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Ficure 1. Acid release by Desmarestia munda tissues in sea water (control) and in sea water 
containing 0.0005 M dinitrophenol (DNP). 


On accumulation of the dye, brilliant cresyl blue, the vacuoles of D. munda and 
D. herbacea are stained purple in confirmation of Kylin’s results (1938). How- 
ever, we feel the color to be indicative of the change at pH 1.0-0.7, rather than 7.0- 
7.5. 

If the acid is localized within the vacuoles, one might expect the cations normally 
found in the vacuoles of brown algae to be replaced by hydrogen ions. In Egregia 
laevigata and Dictyoneurum californicum (Table II) potassium is the most abun- 
dant cellular cation measured. It occurs at a concentration approximately isotonic 
with sea water. In D. munda about 75 per cent of the potassium is replaced by hy- 


TABLE II 


Potassium, sodium, and hydrogen ion contents of Desmarestia munda, D. herbacea, and two non-acid- 
accumulating species of brown algae. Values are corrected for the ion contents of killed 
tissues and represent averages of four determinations. Units milli-equivalents /liter 
estimated cell osmotic volume 





Alga | am. | H K Na Sum 
Desmarestia munda 84% 438 148 = 586 
Desmarestia herbacea 69% 254 234 13 501 
Dictyoneurum californicum 63% — 523 21 544 


Egregia laevigata 71% -~ 542 45 587 
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drogen, and about 50 per cent is replaced in D. herbacea (Fig. 2). The reciprocity 
of potassium and hydrogen ion concentrations agrees with the above mentioned ex- 
pectation. The approximation of the total cation concentration among the four 
brown algal species to that of sea water suggests that most of the cation content is 
accounted for, although magnesium and calcium were not measured and may be 









present. 
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Figure 2. Hydrogen and potassium ion contents of Desmarestia munda, D. herbacea, and 
two other brown algae: Egregia laevigata and Dictyoneurum californicum. Units: per cent of 
total cation content determined. 













The binding of large amounts of sodium by dead tissues was detected. This 
may represent adsorption of the cation to the carboxyl groups of alginic acid, a 
structural polysaccharide of the brown algae (Wasserman, 1949). 








DISCUSSION 










The vacuoles of Desmarestia contain sulfuric acid in amounts up to 0.44 N, in 
D.munda. Direct evidence for this view is the purple color of brilliant cresyl blue 
accumulated by the vacuoles of D. munda and D. herbacea. Indirect supporting 
evidence includes the following: 1) The acid is lost more rapidly on exposure of 
tissues to inhibitors which abolish selective membrane permeability than it is in the 
absence of such inhibitors. In this group are sodium cyanide, iodoacetate, p-chloro- 
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mercuribenzoate, and dinitrophenol. 2) The autocatalytic release of acid in the 
presence of dinitrophenol suggests that extra-vacuolar acid injures the cells, caus- 
ing an increasing rate of acid release. 3) Oxidative metabolism is sensitive to high 
hydrogen ion concentrations as evidenced by the inability of tissue extracts to re- 
duce methylene blue in unbuffered suspensions. 4) The reciprocity of potassium 
and hydrogen ion concentrations among the brown algae tested suggests that hy- 
drogen replaces potassium as the most abundant cellular cation in D. munda, and 
that about one-half of the potassium is replaced in D. herbacea. 

The tonoplasts of Desmarestia cells must be quite unique in their resistance to 
acid injury, and in their permeability characteristics. A hydrogen ion concentration 
gradient of about 10° is apparently maintained between the vacuolar sap and sea 
water. However, the sea water is probably not the “substrate” for hydrogen ion ac- 
cumulation. Metabolically produced hydrogen in the cytoplasm may well be the 
source for vacuolar accumulation. Efforts to leach the acid from the cells so that 
the progress of acid reaccumulation could be studied have not been successful. The 
cells are killed as the acid is released. 

The production of hydrogen ion due to anaerobic conditions in the interior cells 
of massive species of Desmarestia may explain Blinks’ (1951) observation of a cor- 
relation between tissue massiveness and acid content. The interior cells of D. 
munda are much larger, contain fewer plastids, and show a greater percentage of 
purple vacuoles, on staining with brilliant cresyl blue, than the peripheral cells or 
the cells of D. herbacea. 

The high acidity of Desmarestia cells may limit the vertical distribution of the 
alga in the intertidal zone. Because injury spreads so rapidly when water circula- 
tion is poor, it seems reasonable that the acid-accumulating species must be confined 
to regions of constant water circulation. Desmarestia herbacea occurs below the 
lowest-lower-low-water tide mark (Doty, 1946) and D. munda is limited to the 
lower portion of the intertidal zone (Smith, 1944). 


SUMMARY 


1, Brilliant cresyl blue accumulates in the vacuoles of Desmarestia munda and 
D. herbacea and the accumulated dye appears purple, indicating that the pH of the 
vacuolar sap is less than 1.0 or greater than 7.5. However, the expressed saps of 
these two brown algae have pH 1.0 or less and about 2.0, respectively. The outer 
cell membranes are injured by the low pH of the sap and methylene blue is not re- 
duced by tissue homogenates at such low pH values. 

2. Sodium cyanide, dinitrophenol, iodoacetate, and p-chloromercuribenzoate in- 
duce the release of acid from the cells, in which potassium, normally the cation most 
abundant in brown algal cells, is largely replaced by hydrogen. In D. munda hy- 
drogen accounts for 75 per cent of the intracellular cation content. Tissue sodium 
is largely bound and contributes little to the cellular cation content. 

3. The simplest interpretation of these data is that the acid is localized within 
the vacuoles of Desmarestia cells. 
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THE SENSITIVITY OF ECHOLOCATION IN THE FRUIT BAT, 
ROUSETTUS 


D. R. GRIFFIN, A. NOVICK! AND M. KORNFIELD 2 


Biological Laboratories, Harvard University, Cambridge 38, Massachusetts 


Moehres and Kulzer (1956b) have reported that among the Megachiroptera 
(Old World fruit bats and flying foxes) the genus Pteropus orient visually while 
Rousettus aegypticus orient visually but also echolocate. Six additional mega- 
chiropteran genera, Eidolon, Cynopterus, Ptenochirus, Lissonycteris, Eonycteris, 
and Macroglossus, have all proved, like Pteropus, to orient visually and not acousti- 
cally. Observations of two additional species of Rousettus, R. amplexicaudatus and 
R. seminudus as well as R. aegypticus, have confirmed Moehres and Kulzer’s con- 
clusions (Novick, 1958). Rousettus generate clicks by movements of the tongue 
and emit these through the open corners of the mouth (Kulzer, 1956) rather than 
producing sounds laryngeally as do the Microchiroptera (Griffin, 1946, 1952; No- 
vick, 1955; Griffin, 1958). 

As far as is known at present all of the Megachiroptera except Rousettus are 
helpless in total darkness. Rousettus apparently make use of vision and/or echolo- 
cation depending upon the light conditions, the difficulty of their flight path, and 
the type of flight required (take-offs and landings, for example). The echolocation 
system used by Rousettus has almost surely evolved independently of the system 
employed by the Microchiroptera. Furthermore, it resembles in design the system 
serving much the same purpose in the cave-dwelling birds, Steatornis and Collocalia. 
The isolation of these three natural sonars in single genera, their simple designs, 
and their facultative employment (all three genera orient visually in adequate light) 
make it seem likely that they are recent developments compared with undoubtedly 
ancient microchiropteran echolocation systems. There is, therefore, considerable 
interest in comparing the effectiveness of the echolocation system of Rousettus in the 
detection of small objects with that achieved by the Microchiroptera, especially some 
carefully studied species of the families Vespertilionidae and Phyllostomatidae 
(Curtis, 1952; Griffin and Novick, 1955; Grinnell and Griffin, 1958). 

Since the orientation clicks of Rousettus, Steatornis, and Collocalia are clearly 
audible to man, they obviously contain more energy at frequencies below 20 ke than 
do the orientation pulses of most of the Microchiroptera. The principal compo- 
nent in Rousettus clicks is between 12 and 18 kc, depending upon the species and 
the individual, but overtones and harmonics are present to a considerable degree 
(Novick, 1958). Saccopteryx and Taphozous (Emballonuridae) and some species 
of Tadarida (Molossidae) emit partly audible orientation cries. Rhinopoma also 
emit orientation pulses with audible components (Moehres and Kulzer, 1956a). 
Rousettus, Steatornis, and Collocalia, though, unlike all of the Microchiroptera, 
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produce clicks with relatively little energy above 20 kc. Thus, it appeared that only 
relatively long wave-lengths would be available for echolocation and that Rousettus 
and the two cave-dwelling birds might be unable to detect obstacles as small as the 
wires that had been used as standardized test objects for the Microchiroptera 
(Hahn, 1908; Griffin and Galambos, 1941; Griffin and Novick, 1955; and Grinnell 
and Griffin, 1958). 

A single male Rousettus aegypticus, captured in a dimly lighted cave at Eaux 
Chaudes, Katana, Kivu Province, Belgian Congo in July, 1956, was brought to 
Harvard University in good health in August, 1956. This bat survived for nine 
months on a diet of bananas and, after a short period of recuperation from its jour- 
ney and its restriction to a small cage, flew skillfully in an experimental flight room 
32’ long, 12’ wide, and 8’ high. Its ability to avoid a variety of cylindrical test ob- 
stacles arranged in a row across the center of this room was tested by methods di- 
rectly comparable with those previously used to measure obstacle-avoiding skill in 
the Microchiroptera. This Rousettus proved able to avoid surprisingly small wires 
even in total darkness. Its skill is here compared with that, measured previously, 
of the vespertilionid, V yotis |. lucifugus (Curtis, 1952). 




















This work was partly sponsored by the Office of Naval Research, the United 
States Public Health Service, and the Belgian American Education Foundation. 
During this time, Novick held a Post-doctoral Fellowship of the National Institute 
of Neurological Diseases and Blindness. We are grateful to the personnel of the 
Institut pour la Recherche Scientifique en Afrique Centrale, Lwiro, Belgian Congo 
for their help in capturing the experimental subject. Reproduction of this paper 
in whole or in part is permitted for any purpose of the United States government. 










METHODS 










After the bat had become accustomed to the problems of flight both in light and 
in total darkness in the flight room, and to the task of dodging between vertical ob- 
stacles suspended from the ceiling across the middle of the room, we tested its ability 
to avoid cylindrical obstacles, spaced 53 cm. apart, varying in size from cardboard 
tubes 5 cm. in diameter to bare metal wires 0.28 mm. in diameter. In each case 
these obstacles were suspended in a movable frame in a plane parallel to the end walls 
of the room. This plane had to be crossed by the bat in flying from its roost at one 
end to its roost at the other end. We forced such flights by agitating the roost 
which was a loosely suspended horizontal bar of wood. The bat would take off 
and fly the length of the room to the opposite roost or would, on occasion, make sev- 
eral flights back and forth before landing. In each of the tests considered below, 
the frame holding the obstacles was shifted horizontally in the dark just before each 
flight so that the absolute position of the obstacles and their location relative to the 
walls were unknown to the bat, though their position relative to one another was 
constant. Thus, the bat could not learn the location of the open spaces nor could 
it depend on following the walls because the space adjacent to the walls was fre- 
quently and randomly too narrow to permit passage. The room was totally dark 
during all these observations, but we often noticed by listening to the bat’s audible 
clicks or to its wingbeats that it hesitated in front of the obstacles and executed 
dodging maneuvers to pass between them. 
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The Rousettus was thus required to fly through an obstacle plane and its ac- 
curacy of echolocation was evaluated in terms of its ability to avoid the obstacles. 
One must consider whether it was constantly and equally motivated to avoid col- 
lisions and whether its physical agility was sufficient for it to make the maximum 
use of its orientation system. The flights were scored simply as hits or misses by 
means of the sound of hits or in doubtful cases by inspecting the obstacles in light 
switched on immediately after the bat’s passage. A hit always caused a clearly visi- 
ble, sustained vibration of the obstacles as they were suspended from rubber bands. 
All hits were considered equal although some undoubtedly represented the bat’s 


TABLE [ 


Comparison of the obstacle avoidance scores of a Rousettus aegypticus with those of Myotis 1. lucifugus 
(Curtis, 1952). The wires or other cylindrical obstacles were arranged vertically and 
spaced 53 cm. apart for Rousettus and 30 cm. apart for Myotis 





M yotis l. lucifugus Rousettus aegyplicus 
Diameter of obstacle (mm.) citiineeciiaiaaicmans niaatmmmesiaiilarireniiciaa seni csmeaninidmpameain ates 


trials % misses No, trials “) misses 


Cardboard tubes 25 - 109 76% 
Rubber tubing 19 = - 161 78% 
Rubber tubing 13 — 100 77% 
Rubber tubing _ - 50 80% 
Metal rods a 140 — 
Insulated metal wires - 442 
Bare metal wire a - 200 
Bare metal wire . 3820 ; 

Bare metal wire - 

Bare metal wire 480 

Bare metal wire — 

Bare metal wire — 

Bare metal wire 660 

Bare metal wire = 

Bare metal wire 600 

Bare metal wire 

Bare metal wire 


inability to maneuver successfully even though it had detected the obstacle, and 
some represented light touches by the wingtips which may have been sufficiently 
painless to call for no great effort to avoid their occurrence. Unlike the Micro- 
chiroptera, this Rousettus rarely turned back from the obstacles. Its position and 
attitude in passing through the obstacle plane were recorded on about 40 flights 
with a camera and electronic flash. All wing positions from completely spread to 
considerably folded were photographed both just before and just after passage 
through the barrier, but we could not determine whether the bat was reducing its 
potential collision diameter just at the obstacle plane. Its maximum wingspread 
was about 75 cm., and while we cannot accurately estimate its mean wingspread 
this must have been at least 45 cm. or very little below the spacing between the wires. 

Finally, the possibility that the bat would detect the presence of the obstacles by 
their fastenings to the ceiling and/or floor and learn that they were suspended ver- 
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tically between these two points was excluded by framing the obstacle plane with 
uniform fiberboard so that only the obstacles themselves and not their fastenings 
were exposed to acoustic or visual inspection. As a last precaution, lest the bat 
learn to recognize the position of the obstacles by listening to the movement of the 
frame between flights, the readjustment was covered with loud noise. The nature 
and size of the obstacles used are shown in Table I. 











TABLE II 





Experiments with a captive Rousettus exposed to thermal noise while flying through a row of vertical 
wires, 3 mm. in diameter spaced 53 cm. apart. All flights in total darkness except as noted. The 


























Date Conditions of test No. misses/ No. trials —— Remarks 

Apr. 23 Quiet 30/40 78% 
Noise, 25 kc HP 0/10 0 Totally disoriented 
Quiet 17/20 85% 
Noise, 25 kc HP with 

lights on 9/10 90% Flew normally 
Noise, 15 kc LP 4/10 40% Somewhat disoriented 
Quiet 7/10 70% 
Noise, 15 kc LP 3/10 30% Disoriented, but less so 
than at 25 kc HP 

Quiet 10/10 100% 









Quiet 10/10 100% Reluctant to fly 
Noise, 25 kc HP 0/8 0 Badly disoriented 
Quiet 6/6 100% Very tired 
















80% 
10 10% | Badly disoriented 
40% Tired 


Quiet 
| Noise, 15 kc LP 
Quiet 






— 









Died 






May 3 














\verages Quiet 93/116 79% 
of all Noise, 25 kc HP 0/18 0 
tests Noise, 25 kc HP with 

lights on 9/10 90% 
Noise, 15 kc LP 8/30 7% 











RESULTS 








The results are presented in tabular form. The only data excluded from con- 
sideration are those which were obtained when the bat was clearly fatigued or in 
poor condition near the end of a long series of trials or after many days of inac- 
tivity. The data are compared directly in Table I with similar data obtained by 
Curtis (1952) with Myotis |. lucifugus. 

A short series of experiments was carried out to compare the resistance of 
Rousettus to interference with its echolocation by thermal noise but before further 
studies could be completed the bat died, possibly of injuries sustained in these ex- 
perimental flights. The data are shown in Table II, because they indicate a mark- 
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edly greater vulnerability to interference by noise than occurs with the Vespertilioni- 
dae (Griffin, 1958). Thermal noise was generated in 20 electrostatic loudspeakers 
adjacent to the plane of obstacles. This noise was limited in frequency band, by 
electronic filters, in one of two ways. Either the filter was set at 15 ke high pass so 
that frequencies above 15 ke were generated at a high level while lower frequencies 
were attenuated progressively at 24 db per octave, or else a 25 ke low pass filter was 
used to transmit audio frequencies while attenuating ultrasonic components of the 
noise, also at 24 db per octave. Without noise, the bat avoided 3 mm. wires 79% 
of the time in the dark. In the light, and with the noise, in a very short series, it 
avoided the wires 90% of the time. But in the dark the bat was incapable of avoid- 
ing these wires at all in intense noise above 25 kc. In noise below 15 ke, it scored 
27% misses. The bat’s total inability to avoid large wires in noise above 25 ke and 
its very poor performance in noise below 15 ke suggest several hypotheses. If we 
assume that the poor performance was due to unfavorable signal-noise ratio at the 
same frequencies, then we have evidence that Rousettus depends upon a wide range 
(from less than 15 ke to more than 25 ke) of frequencies in echolocation. But al- 
ternatively the analytical ability of Rousettus’ ears may not suffice for distinguish- 
ing a 14 ke echo from either type of noise tested, that is, we may simply have 
shown that the accuracy of acoustic orientation in Rousettus can be reduced (even 
totally) by noise. The results may also have been complicated by the bat’s panic, 
discomfort, loss of motivation, or confusion in an unusual situation aside from its 
ability to perceive echoes in a noisy environment. 


DISCUSSION 


In these experiments, the wires were less widely spaced relative to the wing- 
spread of Rousettus than in Curtis’ experiments with Myotis, but Rousettus almost 
always approached the plane of the obstacles perpendicularly while Myotis often 
approached obliquely. Our flight room was also considerably larger than the 
x’ x 9 x 6' room used by Curtis. The percentage of misses for relatively large 
obstacles was, nevertheless, almost exactly the same—85.0% for Myotis with 4.76- 
mm. rods and 84.5% for Rousettus dodging 3-mm. wires. Rousettus was slightly 
less successful at avoiding even larger obstacles (cardboard and rubber tubes) but 
these tests were conducted early in the bat’s experience in the exacting task of flying 
ina dark room (with its multiplicity of echoing surfaces). 

This Rousettus was able to detect and avoid, with a considerable degree of suc- 
cess, wires as small as 1.07 mm. in diameter. Only when confronted with wires of 
less than 1 mm. did its skill fall seriously below its own standards as well as those 
of Myotis. Rousettus’ score decreased rather gradually. If we consider its poor 
performance (18% misses) against 0.28-mm. wires as due to chance, then 
Rousettus was clearly detecting 0.46-mm. wires against which it scored 45% misses. 
Even 18% misses against 0.28-mm. wires may have represented some degree of 
echolocation for, when flying in a noise field, this bat did even more poorly (100% 
hits) against 3-mm. wires. It seems reasonable that the ease with which a small 
object is echolocated depends upon its position relative to the angle of sound emis- 
sion and its beaming and the angle of sound reception. Thus there is likely to be an 
optimal angle of approach (probably, but not necessarily, straight ahead) where 
the maximum echo will be received and less easily detected obstacles will be echo- 
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located. Obstacles which lie less optimally relative to the bat will have to have :nore 
effectively echoing surfaces to be detectable. Thus the bat might well succeed in 
avoiding a 0.46-mm. or 0.65-mm. wire only if it chanced to approach it faverably 
and so its score when working against obstacles of marginal size would be an aver- 
age of chance misses, active misses, and “blind” hits. One of the limiting factors in 
exploring the threshold of echolocation is the danger of serious injury to the bat 
every time it collides with an obstacle. Such collisions may be major accidents or 
simply touches. Collisions with small wires tend to be more serious than those 
with large obstacles. Rousettus’ performance varied considerably from trial to 
trial. Whenever possible we ran long series of tests and interspersed tests with 
3-mm. wire between those with smaller sizes. The results were consistent with the 
average scores listed in Table I. 

The design of Myotis orientation pulses is very different from that of 
Rousettus clicks. Myotis pulses are produced laryngeally and emitted through 
the open mouth. They have a frequency modulated pattern with a gradually fall- 
ing frequency starting on the average at about 80 ke and ending at about 40 ke but 
with beginnings ranging from at least 60 to 120 ke. Similar variety among terminal 
frequencies also occurs. Thus Myotis in single pulses and in consecutive pulses 
produce prominent frequencies covering about two octaves (Griffin, 1958; Novick, 
1955). Furthermore, harmonics also occur in Myotis pulses and represent a sec- 
ond octave sweep within the pulses in which they occur. The importance of the 
harmonics as components of the outgoing pulses and the returning echoes and in the 
carrying of information about the environment to the bats has not been evaluated. 
In Rousettus, the pulses are produced by tongue clicks and are impure in frequency 
and irregular in frequency pattern. The bulk of the energy, however, appears to be 
in the range of about 12 to 18 kc. Additional energy is scattered from 6.5 to over 
100 ke with a second maximum at about 20 to 40 ke (Moehres and Kulzer, 1956a; 
Kulzer, 1956; Novick, 1958). 


SUMMARY 


1. The ability of a single specimen of the fruit bat, Rousettus aegypticus, to avoid 
test obstacles of various sizes by echolocation in total darkness was tested. This bat 
avoided vertically placed 3-mm. metallic wires 85% of the time. Its success de- 
clined gradually as the wires were reduced in size but the bat displayed considerable 
success (68% misses) against 1.07-mm. wire and did significantly better than chance 
(45% misses) against wires 0.46 mm. in diameter. 

2. These results have been compared with those of Curtis (1952) who studied 
the vespertilionid, Myotis 1. lucifugus. 

3. Rousettus’ success at echolocation was considerably reduced when it was forced 
to fly in a field of intense thermal noise. 
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ELECTROPHYSIOLOGICAL STUDIES OF ARTHROPOD CHEMO 
RECEPTION. II. CHEMORECEPTORS OF TERRESTRIAI 
AND FRESH-WATER ARTHROPODS ! 


EDWARD S. HODGSON 


Department of Zoology, Columbia University, New York 27, N. Y., and Mountain Lake Bio- 
logical Station, Virginia 


While an extensive literature documents the role of chemoreceptors in the be- 
havior of invertebrates (Hodgson, 1955), the small size of chemoreceptor cells is a 
major handicap in any attempt to study their functions using conventional electro- 
physiological procedures (Chapman and Craig, 1953; Roys, 1954). Barber (1956) 
recorded afferent impulses from neurons which supply the gnathobase chemore- 
ceptors of Limulus and noted an increase in nerve activity when aqueous extracts 
of marine bivalves were applied to the gnathobase. Use of microelectrodes enabled 
Schneider (1957) to record afferent impulses from groups of antennal chemore- 
ceptors in male silkmoths (Bombys) during stimulation with extracts of the scent 
glands from female moths. Possible synaptic effects between receptor cells and 
nerves supplying them, or the unpredictable numbers of cells represented in most 
recordings, make it difficult, however, to interpret the results in terms of single unit 
activity of the actual chemoreceptor cells. 

A relatively simpler technique is that of recording the afferent impulses from 
primary chemoreceptor cells through the same fluid which is applied as a stimulus 
(Hodgson, Lettvin and Roeder, 1955). This method has thus far been applied 
only in studying contact chemoreceptors of two animals: labellar chemoreceptors of 
the blowfly Phormia (Hodgson and Roeder, 1956; Wolbarsht, 1957) and tarsal 
chemoreceptors of the butterfly Vanessa (Morita et al., 1957). The conclusions 
from studies of these two preparations point to a number of unexpected properties 
of primary chemoreceptor cells. 

With both Phormia and Vanessa, it was found that different chemoreceptor cells 
were specialized to respond, not to the different modalities of stimuli generally held 
to be effective for contact chemoreceptors of vertebrates (¢.g. Beidler, 1952), but 
either to sugars or to various non-sugars, with the presence of a water-specific re- 
ceptor also strongly indicated in Vanessa ( Morita et al., 1957). Seemingly at vari- 
ance with the usual concept of single specificities of receptor cells (Granit, 1955), 
a single primary receptor cell of Phormia may respond to chemical, tactile, and 
thermal stimuli within normal physiological ranges (Hodgson and Roeder, 1956). 
Unfortunately, information on this point is not available for !’anessa. 

In view of these unexpected results, and the lack of any comparable electrophysi- 
ological data on primary chemoreceptors of other invertebrates, it seemed desirable 
that the method of recording through fluid-filled, externally applied electrodes 


1 This investigation was aided by Public Health Service Grant No. E-1010, and by the 
Higgins Fund of Columbia University. The field work was aided by a National Science 
l-oundation Grant to the Mountain Lake Biological Station. 
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should be tried on chemoreceptors of a wider variety of animals, in order to de- 
termine how generally the characteristics found in Phormia and Vanessa receptors 
may apply to the functions of other primary chemoreceptor cells. For technical 
reasons, this method is best adapted to recording from chemoreceptors in arthropods 
(Hodgson, Lettvin and Roeder, 1955). The object of the present paper is to report 
the results of tests conducted using this method upon the chemoreceptors of some 
terrestrial and fresh-water arthropods. In each case where the method could be 
successfully applied, answers to the following questions were sought: (1) Does the 
same receptor cell respond to chemical, tactile, and thermal stimuli within normal 
physiological ranges? (2) What modalities of chemical stimuli excite the indi- 
vidual primary chemoreceptor cells? (3) Does the relationship between the reac- 
tion of the animal to chemicals and the range of sensitivity of its chemoreceptors 
indicate a peripheral discrimination mechanism, such as found in Phormia? 


MetTHODs 


Thirty-seven species, representing the major classes of arthropods and eight or- 
ders of insects, were tested. These species are arranged according to taxonomic 
status below. All specimens were collected in the field and tested within 12 hours 
after capture. The animals were allowed to drink water to repletion, but no attempt 
was made to control their diet prior to testing. At least three individuals, usually 
more, belonging to each species were studied. 

The technique of recording action potentials from chemoreceptors using ex- 
ternally applied, fluid-filled electrodes has been described in detail elsewhere (Hodg- 
son, Lettvin and Roeder, 1955; Hodgson and Roeder, 1956). This technique was 
used with only such minor modifications as were necessary to manipulate the va- 
riety of receptor-bearing appendages tested. All experiments were tape recorded 
and photographs made from the tape recordings, beginning one-half second after 
the stimulus was applied, thus avoiding the base-line fluctuations which commonly 
accompany the stimulus artifact. 

The species tested were as follows, with each group and each species yielding 
potentials from chemoreceptors designated by an asterisk. (Except as otherwise 
noted, identifications were checked through the courtesy of Dr. R. E. Blackwelder 
of the U. S. National Museum.) Class: Crustacea*—Cambarus bartonii scioten- 
sis* (Det. H. H. Hobbs, Jr.) ; Class: Arachnida—Latrodectus mactans (black widow 
spider), Theridion tepidariorum (house spider) ; Class: Diplopoda*—Pseudotremis 
sp. (Det. H. F. Loomis), Pseudopolydesmus serratus* (Det. M. Walton) ; Class: 
Insecta; Order: Odonata—Aeschna constricta, Libellula pulchella, Progomphus 
obscurus; Order: Orthoptera*—Acheta assimilis (common field cricket), Ceu- 
thophilus gracilipes* (cave cricket), Crytocercus punctulatus (wood-eating roach) 
(Det. L. R. Cleveland), Hadenoecus putaneus* (cave cricket), Scudderia furcata 
(katydid) ; Order: Hemiptera—Arilus cristatus, Oncopeltus fasciatus (large milk- 
weed bug) ; Order: Coleoptera—Cicindela sexguttata (six-spotted tiger beetle), 
Dineutes americanus (whirligig beetle), Dytiscus fasciventris (large diving beetle), 
Laccophilus maculosus (common pond beetle), Nicrophorus tomentosus (carrion- 
beetle), Phymatodes dimidiatus (longhorn beetle), Saperda candida (apple tree 
borer), Silpha americana (carrion beetle), Tropisternus lateralis (keeled water 
beetle) : Order: Megaloptera—Carydalus cornutus (dobsonfly) ; Order: Neurop- 
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tera—Chrysopa sp. (golden eyed lacewing); Order: Diptera*—Amoebaler:: de- 
fessa* (cave fly) (Det. C. H. Curron), Tipula trivittata (crane fly) ; Order: Lepi- 
doptera*—Atlides halesus (purple hairstreak ) ; Epargyreus clarus* (silver spotted 
skipper), Limenitis arthemis astyanax* (red spotted purple), Papilio marcellus* 
(zebra swallowtail), Papilio philenor* (pipe vine swallowtail), Protoparce quin- 
quemaculata (five-spotted hawk moth), Speyeria cybele* (great spangled britillary), 
Tropaea luna (luna moth), Vanessa atalanta* (red admiral). 

The chemicals tested were sodium chloride, sucrose, d-levulose, glycine, DL 
glutamic acid, citric acid, oil of citronella and oil of wintergreen. Sodium chloride 
was tested as a 0.25 molar aqueous solution. Oils of citronella and wintergreen were 
tested by bringing swabs soaked in these chemicals to within an inch of the sensory 
structure. Although quantitative control of stimulus concentration was not obtained 
by this method, the results obtained with these two oils were quite reproducible. 
All of the other chemicals were mixed with sodium chloride so that the final test 
solution was an unbuffered aqueous solution containing 0.1 molar NaCl and a 0.25 
molar concentration of the test chemical. Results were compared with activity re- 
corded when 0.1 molar NaCl was applied alone. 

Temperatures were measured with a thermistor implanted just under the cuticle 
near the receptor being studied. The temperature was changed by bringing a warm 
glass rod or small ice-pack near the preparation. Spike potentials from mechano- 
receptors were recorded by bending sensilla or whole appendages with needles. 
Certain departures from the usual tests are described at appropriate points below. 



















RESULTS 











All of the preparations yielded numerous spike potentials originating from tac- 
tile receptors, thus providing assurance that the preparations were alive when 
studied. In only five orders of the arthropods tested, however, was it possible to 
obtain unequivocal recordings from chemoreceptors. These five groups are desig- 
nated by asterisks above. The several factors believed to be responsible for failure 
to record action potentials in all of the tested species are considered in the discussion, 
and a complete description of the results will be presented only for those forms 
in which chemoreceptors could be studied using fluid-filled electrodes. 












1. DECAPODA Cambarus bartonii sciotensis (16 individuals ) 





This large crayfish proved to be an exceptionally interesting experimental ani- 
mal. Recordings could be made with the usual 0.1 molar NaCl conducting solution 
in the electrode, or else by using distilled water or pond water as a solvent for the 
chemicals. Although the results showed few differences whichever solvent was 
used, all of the tests were run with chemicals dissolved in distilled water, thus avoid- 







ing any possible complications of the sodium chloride. 

The antennae and the lateral branches of the antennules were alike in yielding 
only records of mechanoreceptors at low amplitudes (30 ».V). From the entire 
medial branch of the antennule, however, it was possible to record a variety of spike 
potentials ranging in amplitude from 30 pV to 500 ~V. The large-amplitude spikes 
(200 nV to 500 pV) were recorded only when the antennule was bent. Conse- 
quently, the cells giving rise to these potentials, which are relatively few in this 
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Figure 1. Typical spike potentials from arthropod chemoreceptors. A, response of 
medial branch of Cambarus antennule to glutamic acid; B1, single sensillum on Cambarus walk- 
ing leg, tested with distilled water; B2, same as B1, except glycine test solution; C1, Pseudo- 
polydesmus tarsus, NaCl control; C2, same as C1, except sucrose test solution; D1, spontaneous 
activity, Hadenoecus tibia; D2, same as D1, except exposed to citronella vapor; E, single tarsal 
sensillum of Epargyreus, control NaCl solution; F, same as E, except sucrose test solution; G, 
antenna of Amoebaleria, distilled water in electrode; H, same as G, except exposure of antenna 
to oil of citronella vapor. Time bases for all records, 100 cycles per second. Consult text for 
additional details. 
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branch of the antennule, are mechanorcceptors. The majority of the spikes have 
amplitudes of 30 nV to 50 pV. These respond to the application of glycine and 
glutamic acid, of the test series of chemicals used. Because a number of different 
amplitudes of spikes were recorded even with the smallest practicable areas of elec- 
trode contact, it was not possible to determine whether identical cells were respond- 
ing to both chemical and tactile stimuli. Record A of Figure 1 is taken from an 
experiment in which a test solution of glutamic acid was allowed to flow around the 
medial branch of an antennule without changing electrode contact. Activity re- 
corded when the antennule is in distilled water (on the left of the large stimulus 
artifact) is negligible, but many small-amplitude spike potentials follow the intro- 
duction of the glutamic acid. The frequency of firing during chemical stimulation 
was not influenced by temperature changes within the range tested—five degrees 
(C.) above or below the room temperature of 25 degrees. 

Chemoreceptors were also found on the first two pairs of walking legs. The 
chemoreceptors were located on the chelae and, to a lesser extent, elsewhere on the 
protopodites of those legs. The external chemosensory structures can be recog- 
nized in C. bartonii as tufts of setae, numbering ten to twenty setae per tuft, each 
such tuft arising from a circular depression in the cuticle. Contact of the electrodes 
with other parts of the cuticle failed to terminate the open circuit condition between 
the indifferent electrode inside and the recording electrode outside the cuticle. 
The best records were obtained after the claw had been allowed to dry at room 
temperature for thirty minutes following its removal. This prevented short circuits 
between the recording and indifferent electrodes. By teasing apart the hairs of a 
single tuft, the tip of an electrode could then be positioned over a single sensory 
hair. In this way the firing of a single chemoreceptor cell could be studied. The 
spike potentials recorded from different sensilla ranged from 30 to 60 »V in ampli- 
tude. It was found that these receptors resemble chemoreceptors on the antennule 
in being insensitive to test chemicals other than amino acids of the series used. 
(Records B1 and B2 of Figure 1 illustrate typical results during applications of a 
control NaCl solution, and the test mixture of NaCl and glycine, respectively.) 
The chemoreceptors on the first two walking legs were never observed to respond 
to mechanical movement of the sensory hairs during recordings. The small size of 
the hairs (about 20 microns in length) and their position surrounded by rigid cuticle 
would appear to render their usefulness as tactile receptors unlikely. The insensi- 
tivity of these receptors to temperature changes within the range tested resembles 
that of the receptors on the antennule. Impulses from chemoreceptors were not 
detected from the chelipeds, third maxillae, or elsewhere on the body of the crayfish 
using the present method. f 

Behavioral experiments were run to check the possibility of a peripheral dis- 
crimination for amino acids. Ablations of antennae, antennules, or the first two 
pairs of walking legs, and combinations of these operations, were performed on thirty 
crayfish. The results were difficult to interpret in many cases because of abnormal 
behavior of operated animals. It was easy to demonstate, however, that the animals 
can locate food using the first two pairs of walking legs, even when antennae, anten- 
nules, and maxillipeds are removed. Activity resembles that during normal feed- 
ing and can be initiated by injecting 0.25 molar solutions of glycine and glutamic 
acid into the water, while even intact animals fail to give clear-cut responses to the 
other test solutions. Thus there seems to be a clear correlation between the elec- 
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trophysiological data and the behavioral results. Attempts to determine by be- 
havioral tests whether the antennae and lateral branches of the antennules bear 
chemoreceptors yielded results which could not be unequivocally interpreted. 
Doflein (1910), on the basis of behavioral tests, has reported that the antennules 
of decapods contained chemoreceptors, and Luther (1930), using similar methods, 
reported chemoreceptors on mouth parts, walking legs, and pincers of brachyurans. 


2. DIPLOPODA Pseudotremis sp. (4 individuals) ; Pseudopolydesmus serratus 
(4 individuals ) 


In both Pseudotremis and Pseudopolydesmus many action potentials could be 
recorded from the tips of the antennae and from the tips of the legs when an elec- 
trode filled with 0.1 molar NaCl was applied to those parts. In Pseudotremis, the 
smaller species, the action potentials were never more than 40 »V in amplitude, and 
all clearly responded to mechanical bending of the antenna or leg. In Pseudopoly- 
desmus the largest spikes from the antenna were about 60 »V in amplitude, and those 
from the tarsus were about 80 »V. All of the larger spikes increased in frequency 
during bending of the appendages being tested, and it was therefore assumed that 
these spikes represented the afferent impulses from mechanoreceptors. Spike po- 
tentials of smaller amplitude (30-50 »V) from tarsi of Pseudopolydesmus occurred 
with increased frequency when the tarsi were bent, or sugars applied. (See Fig. 
1C.) They did not change during application of other test solutions or during tem- 
perature changes within five degrees (C.) of the room temperature of 25 degrees. 
No significant changes in the frequency or pattern of impulses were noted in re- 
cordings from the antennae of the two species when chemical stimuli were applied. 

The small trichoid sensilla which probably enclose the actual chemosensory cells 
on the tarsi of Pseudopolydesmus are too closely spaced to make possible a re- 
striction of the area of electrode contact to a single sensillum. Attempts to record 
activity using electrodes filled with distilled water were likewise unsuccessful. In 
view of the smaller size of the mechanoreceptor spikes recorded from Pseudotremis, 
and the generally smaller size of action potentials from chemoreceptors as compared 
with mechanoreceptors, it would hardly be expected that chemoreceptor spikes from 
Pseudotremis would be detectable above the inherent “noise level” of the apparatus. 
Behavioral test showed that sucrose or levulose, placed in contact with the tarsi, 
initiated feeding responses even after the antennae were removed. Tarsal contact 
with citric acid caused the animals to move away from the test solution, but this 
was the only test solution, other than the sugars, which elicited a behavioral re- 
sponse. With the exception of citric acid, receptors for which could not be de- 
tected electrophysiologically, the behavioral and electrophysiological results suggest 
the existence of a peripheral discrimination mechanism. 


3. ORTHOPTERA Ceuthophilus gracilipes (7 individuals); Hadenoecus pu- 
taneus (3 individuals) 


The orthopterans tested showed considerable variation, some of which appears 
to be related to habitat. Cryptocercus, a wood-eating roach, was completely refrac- 
tory to the recording method, except for a few mechanoreceptors in the antennae and 
palpi. A larger number of tactile receptors were recorded from the antennae and 
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palpi of the katydid, Scudderia, and the field cricket, Acheta. Best results, how- 
ever, were obtained with the cave crickets Ceuthophilus and Hadenoecus, which 
have antennae elongated to many times the length of the body and also have un- 
usually long legs and palpi. The data support the generally expressed assumption 
that these anatomical modifications are associated with hypertrophy of tactile and 
chemical senses which would presumably be of selective value in dark subterranean 
environments. 

{n tests of seven adult specimens of Ceuthophilus and three of Hadenoecus, the 
antennae were found to contain spontaneously active and quick-adapting mechano- 
receptors (spike amplitudes 50-80 »V) along with spontaneously active, relatively 
non-adapting chemoreceptors (spike amplitude 20-40 pV). The latter were seen 
in one antennal preparation of Ceuthophilus and all three preparations of Hade- 
noecus. The frequency of the small spikes did not change during application of 
any of the test chemicals in solution, or during temperature changes between 20 and 
30 degrees C., but did increase when swabs soaked in citronella or wintergreen were 
brought near the region of the antenna in contact with the electrode. Essentially 
similar results were obtained from recordings of the receptor activity in both the 
maxillary and labial palpi and the tarsi of Ceuthophilus and Hadenoecus. In addi- 
tion, small spikes (30-50 »V) were recorded from the trochanter and tibia of the 
prothoracic and mesothoracic legs of Hadenoecus, in six out of eight preparations 
when the legs were exposed to vapors of wintergreen or citronella. Mechanical 
bending ot sensilla on the trochanter and tibia also increased the frequency of these 
same spike potentials. Record D1 of Figure 1 shows the spontaneous activity of 
receptors in the tibia of a prothoracic leg of Hadenoecus, and record D2 shows the 
increase in frequency of spikes during application of citronella vapor. No effects 
of the test chemicals in solution could be detected in either Ceuthophilus or Hade- 
noecus, and chemoreceptor activity could not be recorded from the cerci, ovipositor, 
general body surface, or the larger spines on the legs of either species. Ceuthophilus 
did not give any clear-cut behavioral response to citronella or wintergreen in tests of 
the intact animals, but Hadenoecus gave intense avoidance reactions, moving quickly 
away from these stimuli. Removal of the antennae and palpi did not abolish this 
reaction in Hadenoecus, which always responded most strongly when stimuli were 


near the legs. 


LEPIDOPTERA 


Nine species of Lepidoptera were tested. Only a few impulses associated with 
tactile stimulation could be recorded from the antennae of any of these species, even 
when vapors were applied. In all six species of butterflies tested, records were ob- 
tained from the tarsal receptors (described by Minnich, 1921). Tests upon the 
tarsal sensilla of Epargyreus and Limenitis revealed that each sensillum had a few 
receptor systems functioning similarly to that in the labellar hairs of Phormia. 
(Compare the records E and F of Figure 1, taken from tests of a single tarsal 
sensillum of Epargyreus, and note that the small spike potentials predominate only 
in record F when sugar is present in the electrode.) The maximum number of re- 
ceptors represented in recordings from single sensilla of these two species is four, 
and the minimum two. Variations within these limits were commonly encountered 
in comparisons of the records from several hairs, even on the same tarsus. The 
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variations characteristically occurred in the smaller spike potentials, but under the 
conditions of these tests all of the smaller spikes increased in frequency during 
stimulation with sugars, and the largest spike responded with increased frequencies 
during application of any of the non-sugar solutions. These receptors were not 
observed to respond to vapors of citronella or wintergreen. 

With the other species of butterflies tested, there appeared to be as many as 12 
different receptors associated with each tarsal sensillum and the records were too 
complex for analysis of the functions of any single receptor cells. Responses to 
tactile stimulation were obtained in tests with tarsal hairs of all the butterflies used ; 
in those preparations involving only a few fibers it was clear that all fibers responded 
to bending of the tarsal hair, and probably this was the case with the many-fiber 
preparations also, but this could not be determined with certainty because of the 
complexity of the records. The frequency of impulses recorded during continuous 
stimulation of single sensory hairs of Epargyreus and Limenitis was increased by 
temperature rises of as little as 1.2 degrees C. These particular tarsal receptors, 
then, bear a greater resemblance to the labellar chemoreceptors of flies than do any 
of the other preparations (excluding the labellar chemoreceptors of Amoebaleria) 
encountered in this survey. Feeding responses (proboscis extensions) in butter- 
flies are known to be elicited by sugars, with negative responses being elicited by 
other types of chemicals (Dethier, 1953; Minnich, 1921). A peripheral mechanism 
for discrimination of acceptable and unacceptable chemicals is thus indicated by 
both the behavioral and electrophysiological results with butterflies. 

Tarsal chemoreceptors were not detected in any of the three species of moths. 
No impulses could be recorded from the trichoid sensilla described by Frings and 


Frings (1949) on the proboscis of lepidopterans. The characteristics of the records 
obtained from such tests indicated, however, that a short-circuit between the record- 
ing and indifferent electrodes, established through the fluids in the proboscis, prob- 
ably accounted for the lack of any spike potentials detected through an active 
electrode near the tip of the proboscis. 


5. DIPTERA Amoebaleria defessa (7 individuals) ; Tipula trivittata (3 individu- 
als) 


Studies on four genera of Diptera having been previously reported (Hodgson 
and Roeder, 1956), the present work was confined to two types in which the chemo- 
receptors might be expected to be of special interest. The helomyzid fly Amoe- 
baleria was tested because of its occurrence in caves, a habitat often associated with 
hypertrophy of chemical or tactile senses (Hodgson, 1955), and the crane fly Tipula 
was tested because the branching structure of its antennae suggested that recordings 
might be made from one or a few antennal receptors in a single antennal branch. 
Only Amoebaleria yielded results of interest, however. 

The labellar chemoreceptors and chemoreceptors within the tarsal hairs of 
Amoebaleria proved to function similarly to those in Phormia, in that they exhibited 
L and S spikes when stimulated by sugars or non-sugars, and showed comparable 
responses to tactile and temperature stimulation. Some data on olfactory receptors 
were obtained in recordings from the antennae of Amoebaleria. A typical result, 
obtained by placing a fluid-filled electrode on the antenna, is shown in record G of 
Figure 1. Distilled water is adequate in the electrode, and the results are essentially 
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the same whether contact is made with the distal tip of the antenna or the enlarged 
third segment near the base of the antenna. Ablation experiments show that most 
of the activity recorded originates in the third segment of the antenna in either 
case. The abundant spikes which seem to represent the basal level of receptor ac- 
tivity in the absence of externally applied stimulation are not affected by any of the 
test solutions applied, but are decreased in frequency by vapors of wintergreen, or 
citronella (see record H of Figure 1). This result was so contrary to anticipated 
findings that tests were run with benzene, toluene, and carbon tetrachloride vapors, 
all of which produced similar reversible decreases in amount of receptor activity. 
Unfortunately, so little is known of the natural history of this fly that it is im- 
possible to say what might constitute the normal olfactory stimuli. 

Tactile effects upon the antennal receptors were observed only when the surface 
of the antenna was prodded or bent in excess of any amount of stimulation which the 
antenna would encounter in flight. Blowing upon the antenna during a recording or 
varying the temperature from 20 to 28 degrees C. produced no discernible effect 
upon the frequency or pattern of the impulses recorded. Attempts to make similar 















antennal recordings using other species of flies have yielded only negative results. 







DISCUSSION 


In view of the considerable differences in chemoreceptors which have already 
been reported from electrophysiological studies of mammals (Beidler, Fishman and 
Hardiman, 1955) it is not surprising that much greater differences should be found 






among members of such a heterogeneous group as the arthropods. It seems clear 
that sensitivities to tactile and temperature stimuli within the normal physiological 
range are not essential characteristics of primary chemoreceptor cells, even among 
the arthropods, because several exceptions to this situation were found as soon as 
tests were made of chemoreceptors other than those on the fly labellum. Yet it 
would probably be incorrect to regard the labellar receptors as primitive or unspecial- 
ized receptor cells. Their similarity to receptors in the tarsal sensilla of at least 
two of the butterflies tested suggests that a sensitivity of the same cell to more than 
one type of energy in the environment may have a high selective value in cases 
where only a relatively small number of receptors contact a substrate, many fea- 
tures of which are significant for the animal’s behavior. This certainly would be 
the case with receptors on the tarsus or proboscis of a fly or butterfly, or on the tips 
of the tarsi of a millipede. The demonstrated multiple sensitivities of single receptor 
cells in those locations may, therefore, be one of the solutions which evolution has 
produced for the problem of obtaining a variety of information about the environ- 
ment when only very small areas of the body are actually in contact with the en- 
vironment. Whether the several types of stimuli all eventually affect the same 
excitatory process within a single receptor cell will have to be determined by further 
investigations. Cases of double specificities of receptors in vertebrates, such as the 
temperature-touch receptors of the rattlesnake facial pit (Bullock and Diecke, 1956), 
have been reported but it is very doubtful that more than one type of stimulation 
normally acts upon the same receptor units, and even if this were true these would 
have to be considered exceptions to the general rule of single specificities for single 



















receptors (Granit, 1955). 
Several correlations might be noted between receptor distribution or function 
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and the natural history of the particular animals concerned. Of the two cave 
crickets providing favorable receptor preparations, Hadenoecus, with the more ex- 
tensively distributed chemoreceptors on the legs, is reported to be more strictly lim- 
ited to caves than Ceuthophilus (Giovannoli, 1933). The selective advantage of 
highly developed chemical senses in a totally dark environment is obvious. The 
sensitivity of the chemoreceptors of Cambarus to amino acids is undoubtedly related 
to a diet of decaying meat, and the absence of any response of its receptors to sugars 
can be correlated with the lack of any behavioral response to sugars by this species. 
The results with butterflies likewise indicate the existence of a peripheral discrimina- 
tion mechanism for the chemicals constituting the normal food in this case, sugars. 

All of the spike potentials recorded from chemoreceptors were smaller in am- 
plitude than the spikes from mechanoreceptors of the same animal, unless the same 
receptor cell responded to both types of stimuli. This is in accord with the usual 
assumption that chemoreceptor fibers are smaller than mechanoreceptor fibers 
(Dethier, 1953; Hodgson, 1955). The fact that many receptors in Cambarus, 
Hadenoecus, and Amoebaleria showed spontaneous activity supports another idea 
believed to be of some general applicability—that spontaneous activity is widespread 
among sensory cells, and that any changes in the frequency or pattern of the spon- 
taneous activity (rather than the mere presence of impulses) may constitute the af- 
ferent “message” from the sense organs (Roeder, 1955). The antennal receptors 
of Amoebaleria, showing decreased numbers of impulses during administration of 
vapors, may illustrate a less common direction of change in spontaneous activity 
which serves as the afferent message. 

The present experiments resolve a discrepancy between the earlier work on the 
labellar chemoreceptors of the blowfly (Hodgson, Lettvin and Roeder, 1955) and 
the results obtained by Morita et al. (1957, and personal communication) using the 
butterfly, Vanessa. The polarity of the spike potentials recorded from Phormuia 
was previously reported as negative, using the present recording method, but posi- 
tive under similar conditions in Vanessa. All the spike potentials recorded from 
chemoreceptors in the present study resulted from an increase in positivity at the 
distal tip of the sensory hairs (position of the recording electrode) relative to the 
base of the same hairs (position of the indifferent electrode), and the contrary po- 
larity reported in Phormia was subsequently traced to an error in instrumentation. 
A precise explanation for the positive spike potentials obtained by this method can- 
not be given at the present time, but might possibly be explained by generation of 
the main negative spike potential at the cell body region of the receptor, which 
would leave the actual chemosensory area with a relatively positive charge. Ex- 
periments to localize the main impulse generating area within the receptor are now 
underway. 

The failure to record potentials from chemoreceptors in a large majority of the 
arthropods tested could result from a real absence of these receptors in the ap- 
pendages tested or from limitations of the technique. The latter is the more 
probable explanation in most cases. Particularly unfortunate is the apparent inap- 
plicability of the technique to recordings from the antennae of most insects. Unavoid- 
able short circuits between indifferent and recording electrodes explain some nega- 
tive results, as noted above, but inability to position the recording electrode over one 
or a few receptor sensilla and the small size of the spike potentials from the chemo- 
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receptors undoubtedly account for most of the failures. The optimum preparation 
for use with this technique appears to be an elongated sensillum, well isolated from 
surrounding sensilla, and containing very few receptor cells—an ideal approached 
more conveniently in the labellar chemoreceptors of flies than with any other ar- 
thropod preparations yet tested. A similar survey of the chemoreceptors of marine 








arthropods is planned. 
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SUM MARY 





1. Electrophysiological tests with externally applied, fluid-filled electrodes were 
performed upon thirty-seven species representing four classes of arthropods. Af- 
ferent chemoreceptor impulses were recorded in animals of five types: a crayfish 
(Cambarus), a millipede (Pseudopolydesmus), two orthopterans (Ceuthophilus 
and Hadenoecus), a helomyzid fly (Amoebaleria), and six species of butterflies. 

2. Receptors sensitive to chemical, tactile, and temperature stimuli within nor- 







mal physiological ranges are found in certain Lepidoptera (Epargyreus and Lime- 
nitis) and Diptera (Amoebaleria). Receptors with a dual sensitivity to at least 
two of the above types of stimulation are found in Pseudopolydesmus, Ceuthophilus, 
and Hadenoecus. It is concluded that multiple sensitivities of receptors are not 








exceptional in arthropods. 
3. Chemoreceptors sensitive to amino acids, but insensitive to tactile and tem- 


perature stimuli, are found on the chelae and protopodites of the first two walking 








legs of Cambarus bartonii sciotensts. 
4. With the present recording method, spike potentials from chemoreceptors 
represent increases in positivity at the distal tip of the receptor cell, relative to the cell 








body. 
5. Relationships between functional characteristics of chemoreceptors and the 






natural history of the animals are discussed. 
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Like other Torpedinidae (Bigelow and Schroeder, 1953), Narcine brasiliensis 
, (Olfers) possesses electric organs. While they have previously been studied 
physiologically (Chagas et al., 1953; Cox and Breder, 1943) no anatomical descrip- 
tions seem to have been published of the organs and their innervation, presumably 
because these have been considered to be identical with the findings in Torpedo. 
In the course of a new study (unpublished data from this laboratory) of the electro- 
physiology of Narcine electric organs with intracellular recording, certain dis- 
crepancies were observed which indicated differences between the structure of 
Torpedo organs and those of Narcine. A hitherto undescribed, smaller, accessory 
organ was also found, distinct in its electrophysiological properties from that which 
will now be called the main electric organ. Anatomical data to be reported here 
show that the accessory organ also differs from the major organ in structure, in- 
nervation, and in the size and orientation of the electroplaques. The present paper 
reports chiefly the gross anatomical and general histological findings, relating these 
to the functional properties of electric organs. Data on the embryology and on the 
fine structure of the electroplaques, including detailed studies of electron microscopic 
preparations, will be reported elsewhere ( Mathewson and Lehrer, and Mathewson 
and Wachtel, unpublished data). 






















\ND METHODS 





MATERIALS 





Narcine brasiliensis inhabits the inshore waters of the Atlantic Ocean from 
Brazil to North Carolina (Bigelow and Schroeder, 1953). It is one of the smallest 
of the Torpedinidae, the 42 adult specimens brought into the Marineland Research 
Laboratory for the present study ranging from 20 to 45 cm. in length. In contrast, 
the larger of the 7. occidentalis dissected by Hunter (cf. Keynes, 1956) measured 
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about 1.25 m. Although it seems that specimens of this size have now become 
rare (Bigelow and Schroeder, 1953), a fish almost 0.75 m. long was brought into 
the Marine Biological Laboratory at Woods Hole in 1956 (Grundfest, 1957a). 

Many of the fish available to us were used chiefly for electrophysiological work, 
and dissection at this time was confined to a minimum. The electrophysiological 
data provided clues to probable anatomical structures which were then sought for 
in other specimens, studied in fresh dissection, or in preserved preparations. Histo- 
logical material was prepared with a number of techniques for different purposes. 
The details of these methods will be given in later publications. 


RESULTS 
A. The Main Organs 


Gross anatomy. Superficially the paired, kidney-shaped main electric organs 
of N. brasiliensis (Fig. 1) resemble closely those of the other Torpedinidae 
(Bigelow and Schroeder, 1953; Fritsch, 1890). They comprise about twenty per 
cent of the total weight of the fish. Both dorsally and ventrally the main electric 
organs are in close contact with the skin and their surface area is clearly outlined. 
However, the patterned pigmentation of the dorsal skin surface of Narcine partially 
obscures this outline. On the ventral surface, not only is the total outline of the 
organ clearly visible, but also the honeycomb-like arrangement of the columns of 
electroplaques is seen through the skin. The main organ of each side extends 
laterally from the outer surface of the gill sacs to a clearly demarcated line near the 
edge of the pectoral fin. Rostrocaudally the organ starts slightly anterior to the 
eyes and extends back to the lines of the pectoral girdle. 

Columns of electroplaques. As in other Torpedinidae the main organ is made 
up of a number of closely packed vertical columns, each column composed of 
electroplaques stacked one atop the other like a roll of coins. The packing of the 
columns leads to the honeycomb pattern mentioned above, but each column takes 
on an irregular rather than a hexagonal shape. In 10 adult specimens the number 
of columns ranged from 386 to 452 (average 419, Table I). This figure falls 
within the range previously given for this species (Bigelow and Schroeder, 1953; 
Cox and Breder, 1943; Fritsch, 1890). In late embryos and new-born specimens 
examined, the number of columns in the main organ was appreciably less than in 
the adults (Table 1). This matter, important in the theoretical aspects of electric 
organ development, will be dealt with in more detail in the Discussion. 

The array of electroplaques ina column. As in other Torpedinidae, the electro- 
plaques in the main organ of N. brasiliensis are innervated only at their ventral 
surfaces. This was established both electrophysiologically (unpublished data from 
this laboratory) and anatomically. Electrophysiological data, employing successive 
penetration of the cells in a column with a microelectrode, indicated that the electro- 
plaques were exceedingly thin. This was confirmed on histological preparations, 
the average thickness of the electroplaques being about 7 » (cf. Fig. 3), although 
the surface they present is large (1.5 to 2 mm. in diameter, cf. Fig. 2). As with 
many other types of electroplaques, however, there is considerable extracellular 
material (Ballowitz, 1938; Ellis, 1913; Grundfest, 1957a; Luft, 1956; Szabo, 1956). 
Thus, there were only 486 to 541 cells (average 495) in the thickest (ca. 2 cm.) 
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Figure 1. Electric organs and their innervation in N. brasiliensis. 
Dorsal view, partly schematic. 


TABLE | 


Number of electroplaque columns in main organ 


Type of specimen Number of specimens Number of columns* Average number 


Adult 10 386, 381, 394, 400, 
430, 440, 447, 450, 419 
452 
New-born 3 269, 287, 348 301 
Embryo** ; 277, 297, 300, 348, 351 315 


*In each fish the columns of one organ were counted three times. The figures given are 
averages. 
** The embryos were all in a very late stage of development. 
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Figure 2. Innervation of individual electroplaque. Arrows point to four nerve fibers 
which become unmyelinated and disperse profusely over innervated surface. Fiber in lower 


left quadrant probably was cut parallel to its axis. Largest diameter of fiber is 2 wu. 


portions of the main organ. In the shorter columns, nearest the outer edge of the 
fish, the average number of cells was 314. 


B. Accessory Organs 


Caudad to each main organ in Narcine there lies a smaller structure that both 
by electrophysiological and anatomical criteria has now been identified as another, 
hitherto undescribed, electric organ. This differs significantly in many respects 
from the main organ and therefore is termed an accessory electric organ. 

Gross anatomy. The accessory organs arise dorsally in the articulation of the 
cartilaginous scapular process of each side. They run obliquely ventral and slightly 
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Figure 3. Electron micrograph of a slightly oblique cross section of electroplaque. Index 
(lower left) is 1 4 Innervated surface, seen diagonally, at lower left, shows nerve fiber follow- 
ing involuted contour of cell membranes. Ring-like structures are sections of infolded fingers 
of innervated membrane. Interior of electroplaque shows fibrous material. Non-innervated 
face of cell (upper right) has complex system of interconnected canaliculi. Collagen fibers in 
extracellular space. Outlines of membranes not clear im this 
(0.1 «#) to show other structures. 


section which was cut thick 
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rostral, toward the midline, terminating in contact with the ventral skin immedi- 
ately behind the main organs (Fig. 1). Each is about 1 cm. in diameter and about 
2 cm. long in 30-cm.-long adult fish. It is separated from the main organ by a 


distinct layer of connective tissue. 


Columns of cells. On the average, only 10 columns are found in the accessory 


organ. At the ventral surface the columns are tightly compressed and assume a 
honeycomb appearance which is also visible through the ventral skin. The cells 
in each are 2 mm. or slightly more in diameter. The area of each cell thus is not 
much larger than in the main organ and the anterior ventral margin of the accessory 
organ is not clearly differentiated from the adjacent main organ. 

Cellular array in column. A striking feature, further differentiating the ac- 
cessory organ, is the thickness of the individual cells, which is 20-30 p, or 3 to 4 
times greater than in the main organ. The number of cells in series in a single 
column is about 200, indicative of the large proportion of extracellular material 
also in this structure. Another difference between the main and accessory organs 
is the orientation of the innervation of the electroplaques. In the accessory organ, 
the dorsal surfaces of the electroplaques are innervated, the discharge of this organ 
producing positivity at the ventral surface of the fish (unpublished data from this 
laboratory ) whereas discharge of the main organ results in negativity at the ventral 
surface (cf. Grundfest, 1957a). Responses to a single stimulation of the accessory 
organ produce only 0.5 to 1 volt, in comparison with the 25 to 35 volts generated 
during the discharge of the main organ. 

C. Nerve Supply to the Electric Organs 
Gross dissections of Narcine, as well as histological preparations, disclose some 
differences in the neural anatomy between this form and Torpedo.* 

Gross anatomy. In Narcine the facial (VII), glossopharyngeal (IX), and 
vagus (X) nerves supply the electric organ (Fig. 1). The fifth cranial nerve 
(trigeminal) does not enter the electric organ, although in Torpedo it is reported 
to participate in the innervation (Fritsch, 1890; Szabo, 1955). 

The facial, immediately after emerging from the skull, bifurcates into two large 
trunks. The cranial branch passes around the anterior periphery of the main 
electric organ and thence radiates throughout the head and pectoral fin. The 
remaining branch enters the electric organ immediately anterior to the first gill 
sac. The glossopharyngeal nerve, which emerges from the brain closely associated 
with the auditory nerve (VIII), leaves the skull ventral to the otic capsule. 
Passing between the first and second gill sacs, it immediately enters the electric 
organ. Of the total of four branches which comprise the vagus nerve, the first 
two pass between the second and third, and the third and fourth gill sacs, re- 
spectively, then entering the main electric organ. The third branch passes between 
the fourth and fifth gill sacs, runs along the anterior edge of the scapular process 
and enters the accessory electric organ. The fourth branch of the nerve runs 
parallel to the vertebral column back to a point near the pectoral girdle, then 
disappears into the musculature of this area. 

5 But one specimen of Torpedo ocellata was available for comparison. However, published 


descriptions of Torpedo neuroanatomy are detailed (Bigelow and Schroeder, 1953; Fritsch, 
1890; Szabo, 1955). 
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Once having entered the electric orgius, 






Innervation within the electric organ. 
the nerves branch profusely in the connective tissue, as has been described for 
Torpedo by Fritsch (1890). Individual electroplaques are, in general, each sup- 
plied by four single myelinated fibers (Fig. 2). The fibers lose their myelin 
sheath close to the innervated surface, and their branching is extremely profuse 
(Mathewson and Wachtel, unpublished data). The synaptic contacts are dis- 
persed over the innervated electroplaque surface, which is ventral in the main 









organ and dorsal in the accessory. 

Detailed electron microscopic and histochemical studies on the Narcine electric 
organs will be reported elsewhere (Mathewson and Lehrer, unpublished data). 
Electron micrographs indicate a considerable degree of gross differentiation be- 
tween the innervated and non-innervated faces of the electroplaques (Fig. 3). The 
Bs nerves running along the innervated surface often make intimate contact with 
, finger-like inpocketings of this membrane. Vesicular structures (de Robertis and 
Bennett, 1953; Robertson, 1957) are seen in the cytoplasm of the nerve terminals. 
At the non-innervated face the cell is profusely riddled by interconnected canaliculi, 
some of which appear to extend up to the tubules made by the inpocketing of the 














innervated surface. 


DISCUSSION 






Distinctions between the main and the accessory electric organs. Several dif- 
ferences in electrophysiological properties have already been indicated. A marked 
distinction is the reverse polarity of the activity in the accessory organ. The 
voltage produced by a single stimulation of the accessory organ is small, but grows 
rapidly upon repetitive stimulation (unpublished data from this laboratory). The 
large facilitation is in marked contrast to the behavior of the main organ and indi- 
cates important differences between the functional synaptic connections of the 
organs, which may be more clearly revealed after further histochemical and 












electron microscopic studies. 

The anatomical distinctions are also marked, particularly the reversed surface 
of innervation and the greater thickness of the electroplaques of the accessory organ. 
The different orientation of this organ, with the columns running obliquely rather 
than dorsoventrally as in the main organ, and the delineation of the accessory organ 
by a distinct investment of connective tissue suggest that the muscles from which 
this organ is derived are different from those which are precursors of the main 
organ (Fritsch, 1890). Embryological material has not yet been studied sufficiently 











to reveal that origin. 
Number of columns and electroplaques. Our counts of the number of columns 
in adult fish closely approximate other data in the literature. However, the embryos 


and new-born fish had a significantly smaller number of columns, although the 
This 








number of cells in each of these columns was comparable with that in adults. 
finding appears to contradict the delle Chiaie-Babuchin rule (du Bois-Reymond, 
1881; Grundfest, 1957a) which states that the total number of electroplaques laid 
down is fixed early in development and does not increase thenceforth. It seems, 
rather, that the transformation of muscles (or of their anlagen) to electroplaques 
proceeds at unequal rates, more rapidly in the central portions of the main organ 
It has been noted (Grundfest, 1957a) that regeneration of 













than at its periphery. 
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tissue takes place in knifefishes (Ellis, 1913) and this apparent contradiction of the 
dell Chiaie-Babuchin rule has been confirmed in this laboratory (unpublished). 

In three adult Narcine Cox and Breder (1943) obtained an average count of 380 
columns (range 343-416). The average in three embryos was 286 (range 264— 
340). These authors also concluded that the number of columns increased with 
growth of the fish. In two embryos, they also counted the number of cells in a 
column, finding an average of 305 in one and 482 in the other. The last, which is 
close to the value obtained in the present work from adults and embryos (500), sup- 
ports the conclusion that the number of electroplaques in a column does not increase. 

The higher values obtained in the present work help to remove a puzzling diff- 
culty in electrophysiological data (Grundfest, 1957a). On the basis of the older fig- 
ure for the series elements and of reported maximal discharge voltage, it had been 
estimated that the EMF of a single electroplaque of Narcine was about 120 mv. 
However, these cells do not produce spikes but only postsynaptic potentials 
(p.s.p.'s) (Grundfest, 1957a; and unpublished data from this laboratory). Un- 
like spikes which in skeletal muscle fibers and in eel electroplaques attain amplitudes 
of about 150 mv, the known varieties of depolarizing p.s.p.’s do not exceed the 
resting potential, which is generally some 60-80 mv. The maximal discharges in 
the fish used in the present experiments were about 35 volts in amplitude and this 
indicates that each electroplaque was capable of a maximal response of about 70 my. 
This calculation approximates the resting potentials obtained in the cells, and ac- 
cords also with direct observations on the responses of single electroplaques (un- 
published data from this laboratory). Calculation for the e.m.f.’s of single electro- 
plaques of Torpedo marmorata (Grundfest, 1957a) also gave very high values. It 
is likely that Fritsch (1890) also underestimated the number of cells arrayed in 
series in each column in these fish. Torpedo electroplaques are about 20 yw thick, 
but are densely packed (Luft, 1956, Fig. 4). It is very unlikely, therefore, that in 
these larger fish the series array (given as 400) is smaller than that found in 
Narcine (500). 

Innervations of the electric organs. It has already been noted that the trigeminal 
nerve does not supply the electric organs in Narcine. According to Fritsch (1890) 
the Torpedo organs are innervated by the trigeminal and vagus nerves. However, 
he details an extensive controversy regarding this question. Other authors (cf. also 
Rosenberg, 1928) included the facial and hypoglossal in the nerve supply of the or- 
gans. Hunter's famous preparation (reproduced in Rosenberg, 1928) shows the 
electric organ of T. occidentalis supplied only by the nerves that would appear to 
be the glossopharyngeal and the first two branches of the vagus nerve. 

Another difference between Torpedo and Narcine is the finding that the innerva- 
tion of single electroplaques in Narcine, while as regular as is that pictured for 
Torpedo (Fritsch, 1890; Grundfest, 1957a), does not occur at six, but at four points 
of the cell surface. It seems likely that Fritsch (1890) overemphasized the hex- 
agonal configuration in Torpedo and, indeed, in a number of illustrations of his 
monograph he shows surface views of the columns with shapes that are far from 
being regular or hexagonal. 

Some functional correlations with the anatomical data. The dense synaptic in- 
nervation of the individual electroplaques in Narcine is in agreement with the simi- 
lar data reported for Torpedo and Raia (Ballowitz, 1938; Grundfest, 1957a). 
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This would appear to have an important functional value. The cells generate only 


p.s.p.'s which are not electrically excitable and therefore do not propagate (Grund 
fest, 1957b). A maximal discharge of the organ would be produced only | 
simultaneous activation of a large proportion of the membrane. This result is 
achieved by dense synaptic terminations. 

The usefulness of this densely innervated surface for a number of experimental 
purposes (Grundfest, 1957a) is augmented by the finding that the accessory organ 
has different kinetics of responsiveness to its neural stimuli. As noted above, this 
will provide a comparison material in the same preparations, not only for electro- 
physiological studies, but also for correlation of structure and function. 

The preliminary electron microscopic data also suggest some possible correla 
tions between function and structure. The current theories of muscle structure and 
of the contractile process (cf. Huxley, 1957) seek to account for transfer of activity 
from the electrically excitable membrane to the contractile elements by a special 
membrane extending into the muscle fiber and lying perhaps at the electrically ex 
citable membrane to the contractile elements by a special membrane extending into 
the muscle fiber and lying perhaps at the Z lines. The dense canaliculi seen in the 
non-innervated aspect of the Narcine electroplaques might be the remnants of these 
structures, tubules which represent extensions of the membrane. The inpocketings 
of the opposite, synaptically excitable membrane may be continuous with the seg- 
ments of the canalicular structures. <A rather similar, but not so dense system is also 
found in eel electroplaques (Grundfest, 1957a; Luft, 1956) and in other types of 
electric organ (personal communication from Dr. Luft). Examination of electric 
organs in their various embryological states therefore may furnish important clues 
to the nature of the transfer from conductile to contractile activity. 

Narcine electric organ also may be a favorable object to test current views (el 
Castillo and Katz, 1956; de Robertis and Bennett, 1953; Robertson, 1957) that the 
vesicles in the presynaptic terminals may represent concentrations of transmitter 
Repetitive stimulation of the electric nerve of Narcine (Chagas et al., 1953) 
With the period of unresponsiveness is 
The grad- 


agent. 
rapidly blocks the response of the organ. 
correlated a large fall in the concentration of acetylcholine in the organ. 
ual return of responsiveness is also associated with a rise in the acetylcholine concen- 
tration. If the vesicles are the sites of transmitter storage, they should be sub- 
jected to marked changes upon repetitive stimulation and during subsequent re- 


6 


covery of responsiveness. 
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The cytochrome system is of such widespread occurrence in cells of aerobic or- 
ganisms that reports of its absence in any particular case are of special interest. 

There have been several instances in which spectroscopic detection of absorp- 
tion bands of the cytochromes was at first reported to be negative and later shown to 
be positive when improved methods were employed. Thus in eggs of sea urchins 
Brachet (1934), Lindahl (1936), Krahl, Keltch and Clowes (1939) and Ball and 
Meyerhof (1940) reported that the cytochrome bands did not show up spectroscopi- 
C ally, although early evidence of inhibition of O,-uptake by cvanide and by carbon 
monoxide (Runnstrém, 1930) indicated the operation of the cytochrome system, at 
least in the fertilized eggs. Later, Rothschild (1949), Borei (1951) and Yéas 
(1954), using the method of Keilin and Hartree (1939, 1949) of intensifying cy- 
tochrome bands by cooling the material in liquid air, were able to demonstrate the 
bands of cytochromes a and b. 

It was also thought, at one time, that the respiratory system differed qualitatively 
in unfertilized and fertilized sea urchin eggs, the cytochrome system being inopera- 
tive in the former and brought into play upon fertilization (Korr, 1939). This was 
based on evidence of insensitivity of the respiration of unfertilized eggs to inhibi- 
tion by cyanide and carbon monoxide (Runnstrom, 1930; Lindahl, 1939; Korr, 
1937), and reported differences in the effect of temperature on the respiration of 
unfertilized and fertilized eggs (Rubenstein and Gerard, 1934; Korr, 1937). 
However, this evidence has now been largely contradicted. Thus, Robbie (1946b) 
showed that the O.-uptake of unfertilized sea urchin eggs could be almost com- 
pletely inhibited by low concentrations of cyanide when the precaution is taken of 
preventing the distillation of cyanide from the e rg suspension to the center-well of 
the manometer vessel, by the use of appropriate "Cal CN ).-Ca(OH), mixtures in 
the center well. In regard to the effect of carbon monoxide on unfertilized sea 
urchin eggs, Rothschild (1949) was able to demonstrate a photo-reversible inhibi- 
tion of O,-uptake when account was taken of a CO-induced stimulation and a light- 
induced inhibition of respiration. Concerning the effect of temperature on respira- 
tory rates, further measurements (Tyler and Humason, 1937; Borei and Lybing, 
1949) have shown no significant differences between unfertilized and fertilized sea 
urchin eggs. 

In eggs of the echiuroid worm Urechis caupo, a failure to detect the absorption 
bands of cytochrome was reported by Horowitz and Baumberger (1941). In 
these eggs there is a reversibly autoxidizable pigment which Horowitz (1940a) 

1 This investigation was supported by a research grant (C-2302-C3) from the National 
Cancer Institute of the National Institutes of Health, U. S. Public Health Service. 

* Permanent address: Department of Zoology, University of Cambridge, Cambridge, 
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called urechrome. From the facts that both the oxidized and reduced states are 
observed naturally in the eggs, depending upon the presence or absence of oxygen, 
that the pigment is reducible by the cells, and that it autoxidizes in the physiological 
range of pH, he concluded that it was probably involved in the cellular respiration. 
Upon further characterization Horowitz and Baumberger (1941) suggested that 
the pigment was related to the hemins. Its chemical constitution has not as yet 
been determined. 

For these and other reasons we decided to examine the O,-uptake of fertilized 
eggs of LU’. caupo in the presence of cyanide and of carbon monoxide, and to examine 
the eggs spectroscopically using the low temperature method of Keilin and Hartree 
(1939). Previous measurements of the respiration of this material were made for 
other purposes (Tyler, 1936; Tyler and Humason, 1937 ; Tyler and Horowitz, 1938; 
Horowitz, 1940b) and it was noted that the fertilized eggs have rather consistent 
values for their absolute rate of O,-uptake, although that of the unfertilized eggs may 
vary greatly from one batch to another. Some preliminary experiments with cy- 
anide and azide were mentioned in the report of a seminar talk (Tyler, 1937). 
These were for the purpose of investigating possible correlations between cleavage 
retardation and respiratory inhibition and were done before the introduction by Rob- 
bie (1946a) of the Ca(CN).-Ca(OH), center-well mixtures for preventing loss 
of cyanide from cell-suspensions in the manometer vessels. The preliminary ex- 
periments indicated, however, that inhibition of respiration by cyanide was obtain- 
able in these eggs. 


MATERIAL AND METHODS 


General manometric procedure. Eggs of U. caupo were inseminated and washed 
in sea water buffered at pH 8 with 0.01 M glycylglycine, which Tyler and Horo- 
witz (1937) showed to be a suitable non-injurious agent to replace the bicarbonate 
system of ordinary sea water. The latter system does not provide satisfactory 
buffering because the absorption of CO, by the alkali in the manometer vessels oc- 
casions a rise in pH of the sea water which is only partially and variably compen- 
sated by the CO, production of the respiring cells. 

After examination to check that fertilization had been successful, 3- or 4-ml. ali- 
quots of egg-suspension were transferred to standard Warburg-Barcroft manometer 
flasks whose calibration volumes were around 20 ml. Readings were taken after 
a 30-minute equilibration period in the water-bath, the shaker speed being 95 c.p.m. 
at 4cm. stroke. The temperature was 20° C. 

Cyanide experiments. Robbie’s (1946a) Ca(CN).—-Ca(OH), mixtures, in 
0.6-ml. quantity, were used in the center-wells of the manometer vessels in order 
to establish and maintain known concentrations of cyanide in the egg suspensions, 
and provide sufficient alkali to absorb the respiratory CO,. Fluted filter papers 
were used in the center-wells to increase the absorbing surface. A stock 1.32 M 
calcium cyanide solution was prepared according to Robbie and Leinfelder (1945) 
and this was diluted with 10% Ca(OH). according to Robbie’s (1946a) figures to 
provide center-well mixtures establishing the following concentrations of HCN in 
the experimental fluid at 20° C. 

HCN molarity 10-3 10° 5 X10-° 107° 5 x10-* 
Molarity of Ca(CN). in 10% Ca(OH), _—0..38 0.046 0.023 0.0054 0.0028 
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In some experiments an appropriate quantity of NaCN was added to the egg-sus 


SS 


pensions in the manometer flasks just before the beginning of the experiment. [n 


the latter case the equilibration-time was reduced from thirty to fifteen minutes. 
Manometer flasks and other vessels containing cyanide solutions were kept stoppered 
at all times except when eggs were added and the flasks were put on the manometers 

CO experiments. The gas phase of the manometers was filled with 95% CO 
in O, (95% CO/O,), after flushing out the air. Ninety-five per cent N./O, and 
air controls were run at the same time. The center wells contained 0.3 ml. N/1 
KOH and filter papers. Equilibration was in the dark for ten minutes. 


RESULTS 


Cyanide experiments. The results of three sets of experiments were clear-cut in 
the sense that, even at low concentrations, cyanide inhibited the respiration of fer- 
tilized eggs. Data from one of these are plotted in Figure 1. The lines labelled 


PABLE | 


The effect of cyanide, added 20 to 25 minutes after fertilization, on the percentage development 


of eggs of Urechis caupo, examined at 3 hours. The sea water contained 0.01 M 
glycyl glycine, pH 8.0, T° C. 20 


Uncleaved cell 
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O,KOH and O,Ca(OH ). were controls to compare the CO.-absorptive powers of 
10% KOH and Ca(OH). in the center-wells of the manometer flasks. As this 
and other tests showed, the Ca(OH ), proved as effective as the KOH in absorbing 
CO, under the conditions of these experiments. 

Table I shows the effects of the different concentrations of cyanide on the de- 
velopment of the eggs when examined at the end of the experiment. 


a2 
’ 


Carbon monoxide experiments. The results of an experiment in which just- 
fertilized eggs were subjected to 95% CO/O, and 95% N./O. are shown in Figure 
2, in which periods of illumination and darkness are indicated by black and white 
blocks along the time axis. If the rate of O.-consumption * in the curve labelled 
CO/O, is examined by itself, it is clear that it rises upon illumination and falls in 
darkness in the manner considered characteristic of cytochrome-catalyzed respira- 
tion. When, however, comparison is made between the curve labelled CO/O, and 
the control labelled N./O., it is equally clear that, in the light, CO also stimulates 
the gas-uptake of these eggs. Illumination had no inhibitory effect on the O,- 
uptake of eggs in equilibrium with air. 

Table II shows the effect of CO in this experiment on egg development. The 


The use of the terms O.-consumption, O.,-uptake, and respiration in the description and 
discussion of the CO-experiments is subject to the qualification that there is the possibility (see 
Discussion) that some of the gas consumed might be CO. 





METABOLISM OF URECHIS EGGS 139 


inhibition is not so marked as in the cyanide experiments, but it might, of course, be 


more dramatic if higher CO tensions were used. 

The results of six sets of experiments with 95% CO/O, and 95% N./O, are 
presented in Table II]. The last two columns of the table give a measure of the 
effect of CO on the respiratory rate, in the dark and in the light, based on lateral 
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Figure 1. The respiration of eggs of Urechis caupo in the presence of HCN. For further 
details see text. 
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Figure 2. The oxygen uptake of eggs of Urechis caupo in the presence of 95% CO in O; 


and of 95% N. in O.. The black and white blocks along the time axis correspond to periods ot 
darkness and illumination. For further details see text. 
















The effect of 95% CO in O- and 95% 
exposed at } hour and examined at 5 hours after fertilization. 


Effect of carbon monoxide on the respiration of eggs of Urechis caupo in the light and in the dark 
(All experiments started ahout 40 minutes after fertilization. 
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comparisons (1.¢., of different vessels run in parallel with aliquots of the sam« egg- 
suspension). In the dark the respiratory rate in 95% CO/O, is consistently lower 
than in 95% N./O,. Rigid statistical treatment would be complicated because of 
the differences in times of readings, magnitude of respiration, etc., in the different 
experiments. However, a simple averaging of the percentage decrease ( with double 
and quadruple weights for experiments 4 and 3, respectively) gives a 15 per cent 
inhibition of respiratory rate in 95% CO/O, in the dark. 

Similarly calculated, there is in these experiments, in the light, an 85 per cent 
average increase in respiratory rate of the eggs in 95% CO/O, over that of the 
parallel controls in 95% N,/O.. The figures in Table III also show, for individual 
manometer vessels, the great effect of alternate light and dark periods on the respira- 
tion of the eggs in 95% CO/O, and the lack of significant effect of light and dark 













periods on the respiration of the eggs in 95% N./O,. 

Spectroscopic examination of eggs. We have examined the unfertilized eggs 
of Urechis with a narrow-dispersion hand spectroscope (Keilin, 1925) at the tem- 
perature of liquid nitrogen, the eggs being suspended in 50% glycerol (v/v) with 
sodium dithionite added (Keilin and Hartree, 1939, 1949, 1955). A double ab- 
sorption band at 551 mp, which is in the region of the a-band of cytochrome c, 
could be clearly seen. A further, faint, absorption band at 580-590 my (cyto- 
chrome a) was also seen. The presence of these absorption bands was confirmed 
by Professor D. Keilin and Dr. R. Hill. 

Reduced cytochrome c was rapidly oxidized by egg brei in phosphate buffer. 
A peculiar phenomenon was observed during examination of the oxidation of cyto- 
chrome ¢ by egg brei. When the oxidized cytochrome c and egg brei was kept in 
comparative darkness and then illuminated through the microscope sub-stage con- 
denser (which automatically occurs during spectroscopic examination ), the absorp- 
tion bands of reduced cytochrome c gradually reappeared. This also was con- 
firmed by Professor D. Keilin and Dr. R. Hill. The most probable interpretation is 
that in the presence of light, some reducing substance is produced by the eggs, caus- 
ing the reduction of cytochrome c. This phenomenon may have some connection 
with the inhibitory action of light on the respiration of sea urchin eggs (Rothschild, 
1949), though, as mentioned above, we have not observed any comparable light- 
inhibition of respiration in Urechis eggs. Certain dyes are affected by light in ways 
which would be consistent with the observed reduction of cytochrome c in light, 
which raises the possibility that irechrome may be concerned in the phenomenon. 
For example, Equ. (3) in Clare’s article in Hollaender’s Radiation Biology, Vol. 


III (1956) 




















DH, + O, > H.O, + D, 






if written in the form 















DH, + 2 cyt.c®* — 2 cyt.c* + D + 2H’ 





is suggestive in this connection. 





DISCUSSION 











In the introduction to this paper, reference was made to Horowitz's (1940a) 
view that urechrome and not cytochrome catalyzed the respiration of Urechis eggs; 
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this opinion was based on the facts that urechrome is reversibly autoxidizable and 
that no absorption bands of cytochrome were observed. We have now shown that 
the absorption bands of cytochrome are present in these eggs and that an egg brei 
can oxidize reduced cytochrome c. Moreover, the inhibition studies with cyanide 
and carbon monoxide support the view that the respiration of these eggs is cyto- 
chrome-catalyzed. Just where urechrome fits into the picture is, at present, un- 
certain. The effects of CO and cyanide on this pigment have not, as yet, been 
studied. 

The stimulating effect of carbon monoxide on respiration has been noted in many 
experiments with eggs and other tissues. The following citations from the litera- 
ture on this subject will serve to illustrate the widespread occurrence of the 
phenomenon. 

Runnstr6m (1930) found that the respiration of unfertilized eggs of Paracentro- 
tus and Arbacia was either not inhibited or somewhat higher in carbon monoxide- 
oxygen mixtures than in air, while that of the fertilized eggs was greatly inhibited. 
Presumably, although not explicitly stated, these experiments were run in the dark. 

Lindahl (1939) obtained a 44% stimulation of the respiration of unfertilized 
eggs of Paracentrotus by 75% CO/O, in the dark, and this increased (to ca. 100%) 
upon illumination. With decrease in oxygen tension to 5% (+ 15% N, and 75% 
CO) the stimulation decreased. For freshly fertilized eggs in the dark he obtained a 
slight stimulation in 75% CO/O, and a marked inhibition in 95% CO/O,. In the 
light the fertilized eggs showed marked stimulation by 75% CO/O, and this effect 
decreased as the O, concentration was dropped to 5% at constant CO. 

Rothschild (1949) measured the respiration of unfertilized eggs of Psam- 
mechinus miliaris in various CO—O, mixtures. In 14 comparisons of the effect of 
95% CO/O, with 95% N,/O, in the dark there was no difference in two, an 11% 
decrease in three and a 14% increase in nine. Twenty-four comparisons of the 
effect of 95% CO/O, in dark with that in light showed a 44% increase in the light. 
\t the same time he found an inhibitory effect of light on the respiration of the un- 
fertilized eggs in air. This averaged 38% in 44 experiments. With 80% CO/O, 
in the dark there was an average of 55% increase in respiration above that in 80% 
N,/O,, and no significant change upon illumination. 

In the ascidian Phallusia mammillata Minganti (1957) found an increase in 
respiration of the unfertilized eggs in 95% CO/O, in the dark and a further in- 
crease in the light. The fertilized eggs showed a 14% to 20% decrease in the dark, 
which is about the same degree of inhibition as in the present experiments, and an 
increase (up to 40%) in the light. 

Bodine and Boell (1934) obtained CO-stimulation of respiration of diapause 
embryos of the grasshopper Melanoplus differentialis and no significant effect of 
light. A similar stimulation by CO was found by Wolsky (1941) in a bivoltine 
race of the silkworm Bombyx mori, but not (Wolsky, 1938) in pupae of Drosophila 
melanogaster. Wolsky (1938) attributes this difference to the pupal stage being 
one ot great activity as compared with diapause. Schneiderman and Williams 
(1954) found that the respiration of diapausing pupae of the Cecropia silkworm was 
but slightly affected by high concentrations of carbon monoxide ; further experiments 
(Harvey and Williams, 1958) demonstrated that a cytochrome system functioned in 
this material, the resistance to CO being accounted for by cytochrome oxidase being 
present in great excess relative to cytochrome c. 
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In non-embryonic tissue the most extensively studied examples of CO-stimula- 
tion of respiration were those first reported by Fenn and Cobb (1932a, 1932b) in 
skeletal and heart muscle of frog and rat. This stimulation occurs in the dark or 
diffuse daylight and, as shown by Schmitt and Scott (1934), is increased by strong 
illumination. Fenn and Cobb (1932b) adduced evidence to show that the CO was 
oxidized to CO, and this has been further substantiated by Clark, Stannard and 
Fenn (1950) by the use of isotopically labelled CO. The latter investigators (1949) 
also reported such oxidation of CO by the intact animal (turtles and mice). 

In plants Daly (1954) obtained increases of about 20% to 30%, in 95% to 97% 
CO, with leaf tissue of the wild plum, Prunus americana, in the dark. From the re- 
sults of experiments with labelled CO he concluded that the increased gas-uptake by 
the tissue represents a real stimulation of respiration rather than oxidation of co 
to CO,. He also found a rather high R.Q. (up to 1.33) for the extra gas con- 
sumed and therefore suggested that aerobic glycolysis was increased by CO toa 
greater degree than O,-uptake. He cited cases of such stimulation of aerobic gly- 
colysis by CO which have been reported in spinach (Ducet and Rosenberg, 1952 *), 
carrot (Marsh and Goddard, 1939), and rat retina and mouse* chorion (Laser, 
1937). 

The above-mentioned investigations indicate that the stimulating action of CO 
on respiration is of wide incidence in cells and tissues of animals and plants. In 
some cases (skeletal and heart muscle of frog and rat) there is strong evidence that 
the extra gas-uptake is due to the oxidation of CO. In others (plum leaves) it ap- 
pears to be due to the stimulation of endogenous respiration. In the case of the 
fertilized Urechis eggs, and the other cases that have been cited above, the mecha- 
nism of the stimulating action of CO is, as yet, unknown and would constitute an in- 
teresting area of further investigation. For the present purpose the demonstration 
of a light-sensitive action of CO on the gas-uptake of the Urechis eggs serves to sup- 
port the other evidence presented that a cytochrome system is operative in this 
material. 


One of us (R.) is indebted to the Biology Division, the California Institute of 
Technology, for their hospitality during the course of these experiments. We are 
indebted to Miss Mary Jones for technical assistance. 


SUMMARY 


1. The respiration and normal development of fertilized eggs of Urechis caupo 
are inhibited by low concentrtaions of HCN, 5 x 10°° M. Known concentrations of 
HCN were established within the manometer flasks by the use of Ca(CN),- 
Ca(OH), mixtures in the center-wells, with and without the appropriate amounts 
of NaCN in the egg suspensions. 

2. The respiration of fertilized eggs was photo-reversibly inhibited by 95% CO 
in O,. The inhibition of development was not so marked at this tension as in the 
cyanide experiments. 

3. CO markedly stimulated the respiration of the eggs in the light. The oc- 
currence of a similar action in the dark is presumed to account for the moderate de- 
gree of depression of respiration by CO in the dark. 


4Daly (1954) cited a 1951 paper instead of the 1952 paper listed here; also he referred to 
chicken chorion whereas Laser (1937) refers to mouse chorion. 
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4. Spectroscopic examination of the eggs at the temperature of liquid nitrogen 
revealed absorption bands at 551 mp and 580-590 mp. Absorption bands at these 
wave-lengths are associated with the presence of cytochromes c and a. 

5. An egg brei rapidly oxidized reduced cytochrome c, but intense illumination of 
the system reversed the process. 

6. It is concluded that the respiration of Urechis eggs is cytochrome-catalyzed. 
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REGENERATION OF BUDS IN BOTRYLLUS?* 


MARGARET J. WATKINS 


Department of Zoology, University of Minnesota, Minneapolis, Minnesota 


The process of budding in the colonial ascidian, Botryllus schlosseri, has been 
carefully analyzed by N. J. Berrill (194la) and recently by Sabbadin (1955). 
The new buds (Z,) arise from the atrial epithelium and epidermis of large buds 
(Z.) in which internal structure is nearly complete but which are still attached to 
the parent (Z,). The disc-like thickening of the atrial epithelium increases in cell 
number and area until a certain size, called the maximum disc, is reached. It then 
folds out into a hemisphere and finally to a closed sphere attached to the large bud 
by a stalk. Three generations are thus present and connected together at one time. 
The sphere then goes through a process of expansion, folding, and evagination to 
form the internal structure of the new zooid. The bud continues to grow until it 
reaches a size nearly equal to the parent, at which time the latter degenerates and the 
bud becomes functional. There is considerable variation among colonies in the 
number of buds formed and the number which reach maturity. 

Berrill (1941a, 1941b, 1945) has shown that in young colonies the diameters of 
the maximum disc and sphere stages are less than half those of older colonies and 
that they gradually increase with each successive generation. ‘The size of the adult 
zooid is closely related to the size of the bud and hence to the number of cells initially 
present. A sphere with a diameter of 0.035 mm., for example, becomes a zooid with 
a length of 1.1 mm., while a sphere of 0.080 mm. becomes a zooid of 2.6 mm. 
Sabbadin (1956a, 1956b) showed that the growth of the bud is conditioned not only 
by its initial dimensions, but also by the quantity of food made available to it by the 
regression of the parent zooid and the duration of its growth period. In his ex- 
periments all but one bud was removed from each zooid in the experimental colo- 
nies. These buds and the zooids from them attained greater maximum length than 
corresponding buds and zooids in control colonies. Sabbadin concludes that the 
buds on one zooid compete for food made available by the parent as it regresses. 
This does not explain, however, the gradual increase in size of the zooids with each 
generation. It was deemed of interest to determine whether the size of the zooid 
depends directly on the number of cells present in the early bud or is determined in 
some other manner by the parent. In order to study this problem, buds were 
damaged at an early stage and the amount of regeneration as shown by the final 
size was noted. 


This degeneration of the parent zooid has generally been thought to be due to the 
increasing need of the bud for space and nourishment (Berrill, 1935). To test 


' This work was done while the author held an Anderson Summer Fellowship from the 
University of Minnesota Graduate School as a part of the Embryology Course given at the 
Marine Biological Laboratory, Woods Hole, Massachusetts. The author wishes to thank Dr. 
Mac V. Edds, Jr. for his help with both the research and the manuscript. Dr. N. J. Berrill 
read the manuscript and offered valuable advice. 
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whether this is true the buds were removed in an attempt to prolong the life of the 


zooid. 







MATERIALS AND METHODS 





Adult colonies of Botryllus were collected from the dock in Eel Pond at Woods 
Hole, Massachusetts, and placed in finger bowls on a table of running sea water. 
Each day a few of the tadpole larvae were released from the colonies and these were 
collected and placed in Syracuse dishes for approximately 12 hours. After the tad- 
poles had attached to the glass, the Syracuse dishes were inverted in wooden racks 
placed in tanks of running sea water. The tadpoles metamorphosed in less than 
one day, forming oozoids with large right buds which became the first blastozooids. 
Under these conditions at 22.5 + 0.5° C. the adult zooid persisted for from 4 to 6 
days, with as much as 24 hours’ variation between two colonies in the same dish. 
The experimental colonies were examined every day or two with a binocular dis- 
secting microscope and rough sketches were made to follow the fate of individual 
zooids and buds. 

Buds were removed by cutting through the stalk with a needle sharpened to a 
blade. With care this could be done with very little damage to the parent, but 
sometimes the latter was damaged severely and disappeared. To determine whether 
the new buds originated from the same area as the destroyed buds or from bud pri- 
mordia posterior to it, all the small buds (Z,) were cut off 220 large buds (Z,) in 
31 colonies. The site of formation of the new buds was then observed. In 5 col- 
onies an attempt was made to keep the parent zooids from degenerating by con- 
stantly removing new buds as they appeared. 

Buds were damaged with sharpened steel needles inserted through the tunic. 
An effort was made to destroy half or more of the forming bud. Although the 
amount of actual damage varied from bud to bud, in most cases at least half of the 
bud was destroyed. Frequently, part of the bud was torn away and could be seen 
sticking to the needle. In preliminary experiments on 21 colonies, buds ranging 
from the sphere stage to those with some internal structure present were damaged. 
These were watched to see whether they reached maturity, but no measurements were 
made to determine if they were full size. In order to examine the effect of destroy- 
ing approximately half of the cells at a stage before the closed sphere, both right 
and left buds were damaged when the atrial epithelium had begun to fold out into a 
hemisphere (between stages 2 and 3 of Berrill, stage 2 Sabbadin). The length of 
the zooid which formed these buds was then measured with an ocular micrometer 
and compared with the length of undamaged zooids. The width of the zooids varied 
in different colonies of the same age and seemed to decrease as the number of zooids 
around the cloaca increased ; therefore, no measurements of width were made. 
































RESULTS 





a) Degeneration of parent zooids 


In no case observed did an adult zooid persist beyond 24 hours of the time of 
degeneration of other zooids of the same age. When all the buds were removed 
from a zooid, that zooid degenerated at the same time as the rest of the zooids in 
that colony or in other colonies, whether new buds formed or not. The five col- 
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onies in which new buds were constantly removed as they appeared degenerated 
and disappeared within 24 hours of the time of degeneration of control colonies. 


b) Formation of new buds 


If the large bud which normally occurred on the right side of an oozoid was re- 
moved, a bud then appeared in four cases out of five on the left side of the oozoid and 
became a normal blastozooid. In later generations, if all the large buds (Z.,) with 
complete internal structure were cut off (4 colonies), the colony degenerated. If, 
however, only approximately half of the larger buds were cut off (5 colonies), 
those remaining proceeded to maturity, and in addition a few new buds appeared. 
When all the small buds (Z,) at the sphere stage were cut off 220 large buds (Z,) 
in 31 colonies, a total of 72 new buds appeared, an average of one bud for every 
three parents. There was a great deal of variation among the colonies, with any- 
where from zero to seven buds produced by the six or seven parents. Of the new 
buds, 26 appeared on the left side of the blastozooids and 29 on the right side. Of 
the latter 6 definitely were from the same area as the destroyed bud, 18 were prob- 
ably from this area, and 5 appeared posterior to the destroyed bud. The origin 
of the other 17 buds was impossible to determine. Most of these were first seen in 
the midst of a degenerating colony quite separate from any blastozooid. 


c) Bud regeneration after damage 


In preliminary experiments in which 107 buds ranging from the sphere stage 
to those with some internal structure present were damaged, 55 reached maturity. 
The rest of the buds became progressively smaller and eventually disappeared. In 
36 colonies in which 361 hemispheres were damaged, 40% reached maturity as com- 
pared to 78% in 8 control colonies with 124 hemisphere stages. 


TABLE | 


Size regulation of zooids in partially damaged colonies 





io No. of zooids No. of zooids a all rooids in of damaged cooids of — 
number in colony damaged ae on ee Dp in mm. +S.D. 
Al2c 12 5 15+ .1 1.6+.1 15+ .1 
Al2e 7 3 18+ .1 1.8 + .2 19+ .1 
Al2h 21 8 1.9+.1 2.0 + .1 18+ .1 
Ai2k 13 6 16+ .1 16+ .1 1.6+.1 
Al2l 17 + 14+ .1 1.5+.1 14+ .1 
B2d 25 + 1.84 .2 18+ .1 1.8 + .2 
ASa 8 3 1.8 + .1 1.8 + .2 19+ .1 
ASe 15 13 16+ .1 1.6 + .1 1.6 + .1 
ASi 7 6 1.8+ .1 1.8 + .1 1.9 

Ala 16 16 1.8 + .2 

ASb 6 0 14+ .1 
ASg 13 0 16+ .1 
ASh 13 0 17+ .1 
A6a 7 0 1.8 + .1 
A6b 11 0 1.7 + .1 


| 
| 
| 
} 
| 
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TABLE II 






Size regulation of zooids in experimental and control colonies 





Length of Z: in Length of Z: in | Length of Zs; in Length of Z; in 






Colony | No. of mm. +S.D. at No. of | mm.+S.D. 1-2 No. of | mm.+S.D. 1-2 mm. +S.D. 3-4 
number | Zi: time of experi- Z: | days after reach- Z3 days after reach- days after reach- 
ment ing maturity ing maturity | ing maturity 















Experimental Colonies 















A3e 9 1.74.1 8 | 204.2 | 12 2.0 + .2 2.4+ 3 
Ala 5 1.8 + .1 8 20+ .1 12) 224.1 2.84 .1 
A8a 7 1.74.1 4 1.7 +.1 4 19+ .1 244.1 
A10a 4 1.6+.1 4 — | 8 | 224.1 

A10e 6 174.1 | 10 184.1 

Total | 25 1.74.1 30 19+.2 | 46 2.1 + .2 2.6+.3 





Control Colonies 











A3d 6 1.8 + .1 8 1.8 + .2 13 18+ .1 
A7b 5 1.6 + .2 9 18+ .1 15 19+ .1 2.3 + .2 
A8a 7 18+ .1 10 2.0 + .1 17 2.0 + .1 26+ .1 
A10b 5 18+ .1 5 1.8+ .1 11 2.1+.1 
A10f 5 1.7+.1 9 1.8 + .2 
Potal 23 1.7+.1 3 1.8+ .2 65 1.9 + .2 2.44 .2 








d) Size regulation in damaged buds 





In the first experiments, only some of the hemispherical buds in each colony 
were damaged with the idea of using the others as controls. The data for 15 such 
colonies are given in Table I. In colonies Al2h and A121 the damaged left buds 
did not survive, so the right buds measured received the full food supply from the 
parents. In all other colonies as many damaged left buds survived as undamaged, 
so the supply of food did not affect the results. The colonies are not all of the same 
size or age at the time of the experiments, so the average length for different col- 
onies cannot be directly compared, but the average lengths of damaged and un- 
damaged zooids in the same colony show no significant difference. 

In later experiments, all the hemisphere stages in a colony were damaged and 
these colonies were compared with control colonies. Three generations were pres- 
ent at the time of the experiment: the parent zooids (Z,), the large buds (Z,), and 
the hemispherical buds (Z,). Each of these was measured as it in turn reached ma- 
turity. In both experimental and control colonies, most of the left buds reached 
maturity, so the food supply was about the same for all buds. The data for these 
experiments are given in Table II. No significant difference can be seen between 

















the experimental and control colonies. 








DISCUSSION 





If the degeneration of the adult zooid is due only to the increasing need of the 
growing buds for space and nourishment, removal of all the buds in a colony ought 
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to have prolonged the life of the zooids. In this study, any attempt to postpone de- 
generation of the zooid in this way met with failure. No zooid was observed to per- 
sist more than 24 hours longer than other zooids of the same age even if its buds 
were continually removed. Sabbadin (1956b), however, found that when all but 
one bud was removed from each zooid, that zooid had a prolonged stage of func- 
tional maturity. Perhaps removal of all buds was a shock to the zooid and partially 
caused its regression ; however, it seems likely that adult regression will occur with- 
out the presence of buds. At the same time the buds may play an important part 
in the process by their increasing need for nourishment. 

There is some question as to the origin of new buds after removal of these already 
growing. Blastozooids have two potential budding areas, one on the right side and 
one on the left, although frequently only the bud on the right side reaches ma- 
turity. At times, a third bud may be formed posterior to the bud normally found 
on the right side (see Watterson, 1945, and Sabbadin, 1956a, for a discussion of the 
number of buds usually formed). It would appear that a certain amount of atrial 
epithelium is set aside for bud formation; after that is used no more buds can be 
formed. Frequently in these experiments, when buds were removed from the 
blastozooid, new buds were formed at the same area as the buds were destroyed. 
Sabbadin (1956a) reports that he never observed buds arising “de novo” after re- 
moval of buds present. Sometimes, however, after he had removed buds in the 
hemisphere stage, he saw fragments adhering to the atrial side of the parent zooid, 
and these fragments formed new buds. This is a possible explanation of the pres- 
ent results although every effort was made to remove the entire bud intact. In 
these experiments all the buds removed were at least in the closed sphere stage and 
many were quite large and visibly separated from the parent though still attached 
by the stalk. It would take considerable powers of regeneration for fragments of 
such buds to form a whole new zooid. 

The 17 buds whose origin it was impossible to determine might possibly be cases 
of vascular budding (Oka and Watanabe, 1957). They arose during or after the 
regression of the adult zooids, so a vascular origin seems likely. They were not 
observed, however, until they were large enough to obscure their point of origin. 

Although development of ascidians from egg to tadpole is determinate (Conk- 
lin, 1905), the adults have remarkable powers of regeneration (Berrill, 1951). 
Zhinken (1939) has shown that while tadpoles have little ability to replace lost parts, 
the oozooid has acquired considerable regulative powers. The present study would 
indicate that buds also have the ability to regenerate lost tissues from the earliest 
stages onward. 

Berrill has shown (1941b, 1941c, 1945) that the size of the maximum disc and 
sphere stages increases with succeeding generations and that the size of the adult 
zooid is clearly related to the number of cells or the diameter of the maximum disc 
and sphere. This might suggest that the parent determines the size of the new zooid 
by the number of cells which are initially incorporated into the early stages of the 
bud. If this were true, then destroying some of these cells would have resulted in 
smaller adult zooids. However, using length as an index of zooid size, it was found 
that there was no decrease in size of the zooids damaged at the hemisphere stage. 
After a bud was damaged it either disappeared completely or reached the predeter- 
mined size. Thus the size of the adult does not appear to depend directly on the 
number of cells originally present since these cells can be replaced. Either the 
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parent zooid retains control over the growth of the bud or the bud has “received 
instructions” as to the size it should attain and follows them by regenerating lost 
tissue and then continuing to grow. Sabbadin (1956c) has shown that zooids with 
the position of the digestive tube reversed may appear if the growth of the bud is 
delayed at an early stage. The buds on these abnormal zooids showed a marked 
tendency to be the same as their parents unless the parent has started to regress be- 
fore organogenesis is complete. This would indicate that the parents do retain con- 
trol over the growth and organogenesis of their buds. 


SUMMARY 


1. The degeneration of the adult zooid of Botryllus schlosseri, which normally 
occurs when the buds become functional, occurred even after all buds were removed, 
All stages of the growing buds of Botryllus have considerable regenerative 
ability. 
3. Buds damaged in the hemisphere stage became adult zooids with the same 
length as undamaged zooids of the same age. Control over the size of the adult 
zooid appears to be maintained during the growth of the bud. 
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